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1.0 INTRODUCTION 

0 

The instrumentation subsystem development plan (SDP) provides a 
tes t  p rog ram to ensure that the instrumentation equipment will per form to 
mission requirements.  
following components : 

The instrumentation subsystem consis ts  of the 

1. Operational instrumentation 

2. Flight development instrumentation 

3, NASA -furni shed instrumentation (GFAE) 

4. Special instrumentation 

5. - Scientific instrumentation, 

1 .1  PURPOSE AND SCOPE 

The SDP defines the analysis and testing required for lunar orbital  
rendezvous (LOR) qualification. In addition to providing general  direction 
fo r  planning, provisioning, and development activit ies of S&ID and its sub- 
contractors ,  the SDP provides requirements  for integrated subsystem 
tests in  ground and flight t e s t  vehicles, 

1.2 RELATIONSHIP TO OTHER DOCUMENTS 

The SDP has  been prepared  in accordance with the documentation 
It supports the requirements  of the Apollo P rogram Plan,  SID 62-233. 

flight programs specified i n  MDS-8, Revision 3 ,  and in the Development 
T e s t  P l an  (DTP),  SID 64-1707, and a l so  provides a c ross -cor re la t ion  of 
development. General  flow relationships a r e  diagrammed in  Figure 1 - 1. 

Schedules contained herein a r e  compatible with contractual commit- 
ments  of the effectivity dates  shown on each schedule, 

1. 3 REVISIONS 

To ensure  that the SDP maintains its value as a directive document, 
Revisions it will  be revised a s  required rather  than at specified periods. 

by technical direction will be incorporated upon receipt  of a Contract ' s  
Advice notice stating NAA's position. 

1-1 
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2.0 DEVELOPMENT PLAN 

2 .1  SUMMARY 

The instrumentation SDP delineates the sys tem engineering efforts 
to be performed on each measurement  as established in the measurement  
requirements  list (MRL) for each vehicle. An analysis  will be performed 
to determine the operational, physical, an  environmental constraints  
associated with each measurement;  and when these constraints have been 
established, the hardware will be selected accordingly, 

After the hardware has been chosen, specifications and documentation 
control will be established with the selected supplier. 
hardware with the program requirements will be a s su red  by documentation 
control, The s ta tus  of instrumentation subsystem development is shown in 
F igure  2-1. 

Compliance of all 

The component development t e s t  p rogram is approximately sixty pe r  - 
cent complete, and tests a r e  being scheduled in support of MDS-8, 
Revision 3. A component qualification t e s t  schedule for  operational ins t ru-  
mentation equipment and tes t  levels is shown in  Figure 2-2. 0 
2. 2 CRITICAL DEVELOPMENT ITEMS 

The cr i t ica l  development i tems a r e  a s  follows: 

1. Development and verification of heat shield instrumentation to  
support Space craft 009 

2. Review of instrumentation cr i t ical i ty  and off -limit testing 
p r io r  to Spacecraft  012 

2 .3  MAJOR MILESTONES T O  BE ACCOMPLISHED 

1. Establishment of operational, flight development, and R&D 
environment measurement  requirements  for  Block I1 vehicles 

c 

2. Determination of equipment requirements  for implementation 
of operational, flight development, and R&D environmental 
measurements  for  Block I1 

2-1 
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3. Establishment of procurement specifications for  new requi re  - 
ments  for  Spacecraft 017 and 020, and Block I1 spacecyaft 

4. Preparat ion and re lease  of instrumentation drawings for planned 
Blocks I and 11 spacecraft  

5. Development and qualification of special  instrumentation that 
exceeds the present  state -of -the -artt F o r  example: 

a. Nuclear par t ic le  detection sys tem 
b. 
c. 

LO2 and LH2 m a s s  flow 
Heat shield thermometr ic  measurement  system 

2.4 MAJOR MILESTONES ALREADY ACCOMPLISHED 

1. Official measurement  l i s t s  for  all vehicles through Block I 
except Spacecraft  017 and 020 have been re leased  and a r e  in  
the process  of maintenance. 

2. A prel iminary measurement  l i s t  effective for  Spacecraft  017 
and 020 has  been prepared,  Completion of the official list is  
scheduled for re lease  in April 1965. 

3. A measurement  l is t  for House Spacecraft  3 (2H-1) has  been 
issued to instrumentation for  implementation; official re lease  
was in January 1965, This is the f i r s t  l i s t  for  Block 11 and 
covers  operational measurements  only, 

4. Release of equipment l i s t s  for  all boilerplate vehicles and 
spacecraft  except Spacecraft 0 17 and 020 has  been completed. 
Pre l iminary  equipment l i s t s  a r e  in existence for Spacecraf t  017 
and 020  and final re lease  will be accomplished in  May 1965. 

5. Procurement  specifications have been re leased  for  Block I 
vehicles, with the exception of new requirements  for Spacecraf t  0 17 
and 020. 

6. All basic e lectr ical  instrumentation drawings haye been re leased  
f o r  Block I, with the exception of flight development drawings f o r  
Spacecraft  017 and 020, scientific drawings on Spacecraf t  014, 
and R&D environmental drawings on Spacecraft  008. 

7. All basic mechanical instrumentation drawings except those f o r  
Spacecraft 012, 014, 017, and 020 have been re leased  f o r  Block I. 

2 -6 
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8. A preliminary measurement list for 2 -TV1 has  been issued; 
official r e l ease  copies wil l  be available in  April 1965. 

9 .  A preliminary measurement list for flight development measure-  
ments has  been completed for SC 101 and is undergoing technical 
review. 

2.5 DEVELOPMENT ITEMS 

2. 5. 1 Crit icali tv Classification of Instrumentation ComDonents 

A s  a development i tem,  a l l  instrumentation components procured by 
NAA and those delivered as integral par t s  of subcontractors '  subsystems 
will be reviewed for fa i lure  modes cr i t ical  to crew safety. If a cr i t ical  
fa i lure  mode is identified, the components will be  reclassif ied and wi l l  
undergo off-limit testing. 

2. 5. 2 Subcontractor Instrumentation 

Qualification c r i t e r i a  and methods of qualification testing for the 
instrumentation of delivered subsystems by subcontractors wi l l  be received 
fo r  program adequacy. 

2. 5. 3 Heat Shield Instrumentation 

2. 5. 3. 1 Heat Shield Installation Integrity Testing 
0 

Heat shield instrumentation installation design is to  be tested to  
ensure  that no functional degradation occurs  to the heat shield a s  a resu l t  
of instrumentation sensor  installation. 
S&ID document (SID 65-243) and i s  scheduled for  re lease  in April 1965. 

A t e s t  plan is in  preparation as a n  

2. 5. 3. 2 Heat Shield Instrumentation System E r r o r  Margin Analysis Tes t  

Tes ts  a r e  scheduled to be performed on each heat shield instrumentation 
component in a simulated reentry environment, and all component operations 
will b e  monitored and recorded. To determine the system e r r o r  margin,  an  
analysis  wi l l  be made using an existing computer program. A tes t  plan is i n  
preparat ion a s  a n  S&ID document and is scheduled for  re lease  in May 1965. 

2. 5. 4 Installation Design 

1. Determination of improved mater ia l s  and techniques for high- 
tempera ture  sleeving will be made. 

2. Improved techniques for replacing and installing connectors on 
small  instrumentation cables a r e  being investigated. 

2 -7 
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3. 

4. 

5. 

6. 

7 .  

8 .  

The feasibility of using higher gage wire  over smal le r  gage wire 
without decreasing reliability will be investigated. 

Materials suitable for  potting and bonding instrumentation 
components to meet  the environmental requirements  of the 
lunar mission a r e  being investigated. 

Improved seals  for  p r e s s u r e  t ransducers  a r e  being investigated. 

Propert ies  of so lders  a t  elevated tempera tures  a r e  being 
investigated. 

New instrumentation installation configurations a r e  being 
investigated for  the effects of environment (e. g. , vibration, 
humidity , and temperature) .  

Torque values for  instrumentation components a r e  being 
investigated to determine the physical and functional pa rame te r  
changes that occur during component installation. 

2. 5. 5 ComDonent Development 

1. 

2. 

3. 

4. 

Development of the nuclear particle detection system is present ly  
in progress .  

An instrumentation-type magnetic tape r eco rde r  has  been 
developed and is being implemented for use in the anthro-  
pormorphic dummy in the impact  t e s t  program. 
recorder  has the capability of withstanding shock and impacts  
much greater  than the normal  Apollo spacecraf t  c r i te r ia .  

This tape 

A humidity sensor  has  been developed and is  being implemented 
for  use in measuring relative humidity in  the astronaut  suit a i r -  
flow circuit  for the thermal-vacuum tests .  

A strain-gage load link has been developed and i s  being 
implemented which will provide s t r a in  measurements  on the 
crew restraint  ha rness  system. 

2 -8 
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3 . 0  SUBSYSTEM TEST DEFINITIONS AND OBJECTIVES 

The overal l  objectives of the instrumentation development t e s t  plan 
a r e  to prove design intent and mission worthiness. 

3. 1 EVALUATION TESTING 

Equipment evaluation will be conducted to determine the suitability 
of instrumentation components and/or  systems p r io r  to contract  award. 
Detail objectives will be to (1) determine specific performance c r i t e r i a ,  
and (2) select  a n  equipment design approach. 

3 . 2  SUPPLIER ACCEPTANCE TESTS 

Instrumentation supplier acceptance t e s t s  will be conducted by 
suppl iers  and/or  S &ID to contract-specified performance c r i t e r i a  and 
monitored by NAA and government quality assurance  personnel,  The 
objectives will be to (1) establish acceptance performance c r i t e r i a  for  all 
del ivered equipment, ( 2 )  establish calibrations on sensors  and a s s e s s o r y  
hardware affecting data t r ans fe r ,  and (3)  accumulate performance and 0 calibration his tory data. 

3 . 3  SUPPLIER QUALIFICATION TESTS 

Qualification t e s t s  will be a verification of the requirements  specified 
in the procurement  specification, 
components and/or  sys tems to specified environments,  ( 2 )  verify functional 
operation under par t ia l  environmental exposure,  and ( 3 )  verify functional 
operation af ter  environmental exposures. 

The objectives will be to (1) subject the 

3 . 4  MAJOR GROUND TESTS 

Major program ground tes t s  consist  of house spacecraft ,  the propulsion 
sys t em development program,  and the thermal-vacuum te s t  program. In 
each  program,  instrumentation equipment will be subjected to dynamic 
simulations of mission usage. The objectives will be to (1) verify space-  
craft design and performance,  (2)  verify e lectr ical  and mechanical interfaces ,  
( 3 )  develop and refine checkout procedures  and GSE usage, (4) develop and 
re f ine  integrated operations with emphasis on overal l  data accuracy,  
e lectromagnet ic  interference (EMI), and integrated sys tems operations,  

3 -1 
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(5) provide additional instrumentation to support unanticipated problem 
a r e a s ,  and (6) accumulate spacecraft  his tory and evaluate the operational 
lifetime of the spacecraft. 

3 .5  FLIGHT OPERATIONS 

Flight operations will consist  of all flight missions p r io r  to and 
Instrumentation t e s t  objectives will be to including lunar operations. 

verify instrumentation equipment relative to supporting the verification 
of spacecraft  design and performance, 

3 .6  OFF-LIMIT TESTS AND ERROR MARGIN ANALYSIS 

Off-limit t es t s  and sys tem margin analyses consist  of a rei terat ive 
effort to identify overal l  sys tem integrity and design margins .  

Off-limit t es t  objectives will be to (1)  identify components and sys tems 
may be potential cr i t ical  fa i lures ,  and ( 2 )  establish red-line operational that 

levels,  

E r r o r  margin analysis tes t  objectives will be to (1) determine 
individual component tolerances,  (2)  determine cumulative sys tem tolerances,  
and (3) determine overall  sys tem data utilization accuracy. 

3 -2 
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4.0 INSTRUMENTATION SYSTEM DESCRIPTION 

Instrumentation sys tem design provides for  determination of the 
operational s ta tus ,  and environmental and performance pa rame te r s  of 
various subsystems; i t  is  capable of conditioning the sensor  o r  t ransducer  
outputs, providing suitable signals for  display, te lemetry,  recording, and 
checkout. P a r a m e t e r s  to be monitored a r e  those required by the c rew for  
normal  operation, abort  operation, and decision-making for  control of the 
spacecraf t ;  a lso,  additional pa rame te r s  will be monitored to provide data 
to ground personnel to verify the basis  fo r ,  and to participate in,  major  
decision-making p rocesses  of the flight crew. 

Each spacecraf t  mission in the development p rogram differs  f rom 
any other  and therefore ,  each requires  a unique instrumentation system. 
A block diagram of a typical instrumentation measurement -sys tem is  
shown in  Figure 4-  1. 

4 .1  OPERATIONAL MEASUREMENTS 

Operational measurements  a r e  defined a s  those measurements  which 
a r e  required for  a routine mission, and they a r e  divided into three  
categories.  

0 

4. 1. 1 Category I: In-Flight Management of the Spacecraft  

These measurements ,  which a r e  essential  to crew-safety,  will be 
presented  to the astronaut  in real- t ime.  
of spacecraf t  performance and indicate the proper  operation sequence. 

They give the s ta tus  pa rame te r s  

4. 1. 2 Categorv 11: Mission Evaluation and Svstem Performance 

These measurements  a r e  required for  ground monitoring of space - 

The measurements  may be used 
c ra f t  performance and a r e  either displayed a t  the GOSS stations o r  a r e  
capable of being displayed in real- t ime.  
as a n  aid in the management of the spacecraf t  f rom the ground. 

4. 1. 3 Category 111: Preflight Checkout of the Spacecraft  

These measurements  a r e  required for checkout of the spacecraft  
to ensure  flight readiness .  

4-1 
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4. 2 0 PER A T IO N A L INS T RE XE N T A T IO N 

The operational instrumentation sys tem is capable of making the 
following types of measurements:  

4.2. 1 P r e s s u r e  

The p r e s s u r e  measuring subsystem will measu re  variations in  
p r e s s u r e ,  providing an  electr ical  signal compatible with the input requi re  - 
ments  of the data utilization equipment. 
measuring absolute, differential, or gage p res su res .  

The subsystem is capable of 

4. 2. 2 Tempera ture  

The tempera ture  measuring subsystem will measure  variations in 
temperature ,  providing an  electr ical  signal compatible with the input 
requirements  of the data utilization equipment, 
constraints ,  and the temperature  range to be measured  determine the 
selection of components. 

Physical and environmental 

4. 2. 3 Flow 

The flow-measuring subsystem will measure  flow ra te  in confined 
l ines ,  providing an  e lec t r ica l  signal compatible with the input requirements  
of the data utilization equipment. 

4. 2. 4 Rate 

0 

The r a t e  -measuring subs;-stem will measure  the ra te  of spacecraf t  
attitude change. The equipment will measu re  yaw, rol l ,  and pitch r a t e s  
and will convert  the information into e lec t r ica l  signals compatible with the 
input requirements  of dat  utilization subsystems. 

4. 2. 5 Quantitv 

The quantity-measuring subsystem will measu re  the quantity of a 
s tored  liquid, providing an  electrical  signal compatible with the input 
requi rements  of the data utilization equipment. 

4. 2. 6 Angular Posit ion 

The angular position measuring subsystem will measure  the angular 
position of the fuel oxidizer valves on the service propulsion engine and 
provide e lec t r ica l  signals compatible with the data utilization equipment. 
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4. 2. 7 Current  

Curren t  flow will be obtained by measuring the voltage drop a c r o s s  
a standard millivolt shunt. 
with the data utilization equipment. 

This signal i s  conditioned to a level compatible 

4. 2. 8 Event 

Provisions a r e  made to detect various types of events for  rea l - t ime 
display and /o r  processing by data utilization equipment, 

4. 2. 9 Attitude 

The attitude measuring subsystem will detect  and measu re  the rol l ,  
yaw, and pitch attitude of the spacecraft ,  providing e lec t r ica l  signals 
compatible with the input requirements  of the data utilization equipment. 

4. 2. 10 Voltage 

Provisions a r e  made to measure  a - c  and d-c voltages, providing 
e lec t r ica l  signals compatible with the input requirements  of the data 
utilization e quipme nt. 

4. 2. 11 Frequency 

Provisions a r e  made to monitor inverter  frequency, providiny an 
electr ical  signal compatible with the input requirements  of the data 
utili za ti o n e quipm e nt . 
4. 2. 12 R F  Power 

Provisions a r e  made to measure  selected R F  power levels ,  providing 
e lec t r ica l  signals compatible with the input requirements  of the data 
utili za t i  on e quipme nt. 

4. 2. 13 Signal Conditioning Equipment 

Signal conditioning equipment must  be provided to e lectr ical ly  con- 
dition output signals f rom senso r s  and voltage buses  to  the proper  value f o r  
t ransmiss ion ,  recording , and /o r  indication by data utilization equipment. 
The signal conditioners will be integrated into a signal conditioning package 
and mounted in  the command module. 
electronic c i rcui t ry  required for operation of each signal conditioner will 
be included in the package. In addition, sensor  excitation power supplies 
of 5 and 10 vdc a r e  provided. 

All necessa ry  power supplies and 
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The following paragraphs descr ibe briefly the function of each type of 
signal conditioner . 

0 

1. D-C Bridge -Type Amplifier - A bridge -type amplifier will 
comprise  three legs of a Wheatstone bridge circuit .  
will comprise  the fourth leg of the circuit. 
commonly used with resis tance -types of te rmpera ture  sensors .  

The sensor  
This c i rcu i t  is 

2. A-C/D-C Converter-An a - c / d - c  converter mus t  rect i fy  115 vac 
3-phase 400-cps spacecraft  bus power to obtain the c o r r e c t  value 
for  input to the data utilization equipment, 

3. Frequency Demodulator -A frequency demodulator signal con- 
ditioner will convert the frequency of the 115-vac, 3-phase,  
400-cps spacecraft  power to a d-c  output of the proper  value 
for  t ransmission,  recording, and/or  indication by the data 
utilization equipment. 

4. Attenuator, D-C Active -Attenuator networks will be provided to 
attenuate d-c  signals in  the range of 7 to 50 vdc to the proper  value 
fo r  t ransmission,  recording, and/or  display by other  data 
utilization equipment. 

5. Attenuator Inverter ,  D-C Active -The attenuator inverter  will 
attenuate and invert  negative d-c  signals in the range of -7 to 
-50 vdc to the proper value for  t ransmission,  recording, and/or  
indication by the data utilization equipment. 

6. Phase -Sensitive Demodulator -A phase -sensitive demodulator 
will be used to provide a full-scale output of 0 to 5 vdc propor-  
tional to the amplitude and phase of the input signal. When the 
input is  180 degrees  out of phase with the reference at maximum 
a - c  rms, the output will be zero.  
phase with the reference at maximum a - c  rms  input, the output 
will be 5 vdc. 

When the input signal is in 

At zero input, the output will be 2. 5 vdc. 

7. Differential Amplifier -A differential amplifier will amplify 
open-ended, millivolt-level cur ren t  shunt measurements  to the 
proper  d-c  value for  t ransmission,  recording, and/or  indication 
by other data utilization equipment. 

8. D-C Amplifier-D-c amplif iers  will be provided to amplify 
low-level d-c  input signals of full-scale ranges of 0 to 250 mv,  
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0 to 700 mv, 0 to 1.4 vdc, and 0 to 7 vdc. The low-level inputs 
a r e  to be transmitted a s  0 to 5 vdc signals to the data utilization 
equipment. 

9. Reference Junction- A voltage bias-type of re ference  junction 
will provide a reference voltage at a given temperature  upon 
which thermocouple temperature  readings will be referenced. 

4. 2. 14 Data Distribution Panel  

4. 2. 14. 1 Block I Vehicles 

The data distribution panels (DDP) will consist  of a s e r i e s  of con- 

The con- 

The inaccessible DDP shall  be mounted 

The inaccessible DDP shall  provide a minimum 

nectors  to provide ground checkout access  and to distribute those signals 
fed to the PCM telemetry to  other data utilization equipment. 
nectors  wil lbe packaged in two separate  panels (described as an  inaccessible 
panel and an accessible panel), 
d i rect ly  behind the accessible DDP and will become physically inaccessible 
once the la t te r  is installed. 
capability of 168 signal inputs and will be used to distribute signals to other 
data utilization equipment. The accessible  DDP must  be accessible  to  GSE 
and must  be used for  ground checkout of signals routed direct ly  to the 
communications subsystem and to the inaccessible DDF, but not direct ly  
to any other utilization source. 
have the capability to handle the following signals: 

The accessible  data distribution panel will 

Type of Signal Number I 
Analog 
Events 
Digital ( 7  at 16 bits each) 
Spares  

197 
116 
112 
167 

- I Total 59 2 

No capability will be provided for  st imuli  inser t ion,  patching, o r  for  
access  by the crew during flight. 

4. 2. 14. 2 Block I1 Vehicles 

4. 2. 15 Curren t  Limiters  

The cur ren t  l imi t e r s  will consist  of five different  models to be used 
Their in the command module and service module of the Apollo vehicles. 
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purpose will be to  provide independent excitation for  all the sensing and 
signal conditioning required for  instrumentation. 0 
4.3 FLIGHT DEVELOPMENT INSTRUMENTATION 

The p rogram requi res  an additional instrumentation sys tem to obtain 
data of varying types on various flight tes ts .  
that once the data a r e  acquired the supporting instrumentation sys tem 
configuration may  not be utilized again. 

These t e s t s  a r e  unique in 

Flight development instrumentation requirements  a r e  those which 
vary  f r o m  flight to flight, depending upon mission objectives and the state 
of hardware development. These measurements  a r e  required to achieve 
vehicle t e s t  objectives relative to qualification and verification of 
engineering design and analysis. Requirements necessary  to ensure  com-  
patibility between this instrumentation and the vehicle, such as interfaces ,  
equipment design, and performance, a r e  stipulated in  NAA/NASA 
documentation. 
in F igure  4-2. 

A typical flight development measuring system is shown 

The flight development instrumentation sys tem is capable of making 
the following types of measurements:  

4.3. 1 P r e s s u r e  

Generally identical to operational instrumentation ( F o r  description, 
r e f e r  to Paragraph  4.2. 1. ) 

4. 3. 2 Tempera ture  

Generally identical to operational instrumentation ( F o r  description, 
refer to Paragraph  4.2. 2. ) 

4. 3. 3 Vibration 

The vibration-measuring subsystem is capable of detecting and 
measur ing  the amplitude and r a t e  of displacement in a given direction 
providing an  electr ical  signal compatible with the input requirements  of 
the data  utilization equipment. 

4. 3 .4  Current  

Generally identical to operational instrumentation ( F o r  description, 
refer to Paragraph  4.2.7. ) 
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4. 3. 5 Strain 

The s t ra in-measuring subsystem will measu re  s t ra in  in  designated 
pa r t s  of the spacecraft ,  e. g. , (1) command module heat shield s ta inless  
s teel  substructure and the aluminum inner s t ruc ture ;  (2)  service module 
tension bolts, beams,  and outer skin; and ( 3 )  SLA sling stiffeners,  cables,  
and outer skin. 
with the input requirements  of the data handling utilization equipment. 

Strain gage output will be conditioned to be compatible 

4. 3. 6 Acoustic 

The acoustical  measuring subsystem will monitor and measure  the 
noise level in the c rew compartment over the audio spec t rum f r o m  10 cps 
to 10 kc, in  an  amplitude range from 70 to 150 db. 
requirement ,  two sys tems will be provided which measu re  noise levels f r o m  
70 to  110 db and 100 to 140 db, respectively. 

Because of the sensitivity 

4. 3. 7 Heat Shield Measurements 

1. System Description-The objective of the heat shield measu re -  
ment sys tem is to provide data relative to r een t ry  healing 
phenomena experienced by the Apollo spacecraft .  

a. Heat Flux-The heat f l u x  measurements  will measure  
incident heat flux on the ablative heat shield. 
will be provided to measure low- and high-heat f l u x  ra tes .  

Capability 

(1) Low Heat Flux-A differential type calor imeter  will 
measu re  heat  flux on the forward and coaxial heat shields. 

(2) High Heat Flux--\ slug-type of calor imeter  will measu re  
the high heat ra tes  associated with the aft heat shield. 

b. Char-The depth of the char layer  on the ablative heat shield 
will be measured by use of a s e r i e s  of c i rcui ts  utilizing the 
conductive propert ies  of char red  ablator to complete the 
circuit. 
in tu rn  is used in a digital c i rcui t  to t r igger  a s ta i rcase  
generator.  
measurements  arranged in depth in  the ablator. 

The voltage is sensed by a voltage comparator which 

Each subsystem will consist  of seven d iscre te  

c. Ablation-The r a t e  of recess ion  of the ablative heat shield 
sur face  during reentry will be measured  by monitoring the 
decrease  in emission-count ra te  of a radioactive isotope 
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embedded in the mater ia l ,  A s e r i e s  of radioactive isotopes 
a r e  to be embedded at various levels  in a plug, and their  
emission wi l l  be monitored by a Geiger Mueller tube on the 
back face of the heat shield substructure .  

2. Implementation-In the instrumentation of an  optimum de sign 
heat shield, the objective is  to design and install  inst ruments  to 
obtain minimum perturbation of the heat shield performance. 
Design considerations to accomplish this include the following: 

a. 

b. 

C. 

d. 

e. 

f .  

Chemical character is t ic  s between instrument  mater ia l s  
and heat shield a t  all anticipated tempera tures  

Differential thermal  coefficients of expansion inducing 
mechanical s t r e s s  of heat shield components during 
t ransient  and steady- state conditions 

Thermal  charac te r i s t ics  of t ransducers  relative to heat 
shield (including melting point, specific heat,  mass, 
coefficient of thermal  conductivity, emissivi ty ,  etc. ) 

Positive prevention of plasma flow through instrument  
and/or  heat shield junction during vibration, thermal  
expansion cooling, and heating 

Mechanical s t r e s s  analysis of installation over - temperature  
range 

Vehicle design c r i t e r i a ,  i. e. , maximum bond line 
temperature ,  maximum back-face tempera ture ,  etc. 

In the design of the t ransducers ,  the specific measurement  
requirement i s  the pr ime consideration, i. e. , the accuracy 
desired and the range of measurement ,  It i s  important that the 
analysis of the output signal produce only single valued r e su l t s ,  
and the instrument  should be capable of providing adequate data 
for this analysis.  

3. Current Status-The present  s ta tus  of this  effort  indicates that 
basic design of a l l  inst ruments  has  been completed. Simulated 
reentry heating tes t s  have been conducted to provide qualitative 
data with respec t  to functional cha rac t e r i s t i c s  of each instrument  
de sign. 
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The qualification t e s t  statuses of each  of the instruments  a r e  
as follows: 

a. 

b. 

C. 

d. 

e. 

Temperature  m e a  sur ement system: 

Thermocouple assembly  - completed 
Signal conditioner - completed 

Surface recession:  in p rogres s  

Char: in p rogres s  

Heat f l u x :  

Low range sensor  -completed 
High range sensor-  scheduled mid-January 
Sequencer-in p rogres s  
Reference junction- scheduled ea r ly  January 

P r e s  sure:  completed 

4. Measurement Verification Tes t  Program-The objective of this 
program will be to provide an  analysis  of the capability of the 
instruments  to measure  the des i red  quantity respective to its 
function. 
ment;  t e s t s  must be conducted to determine the magnitude of 
known e r r o r s  due to conductance, d i ss imi la r i t i es  of mater ia l s ,  
etc. The e r r o r s  must  be cor re la ted  to the undisturbed heat 
shield ma te r i a l  in determining the actual effect of reent ry  heating 
and the heat shield material. 

It i s  not enough to provide a calibration of the ins t ru-  

5. Off-Limits Tes t s  -The heat shield instrumentation has  been 
assigned a cr i t ical i ty  level of 1. 
mine the design margins  fo r  each instrument  and establish the 
margin  of safety required to a s su re  adequate sys tem design. 
A t e s t  plan for  the heat shield instrumentation is  present ly  being 
formulated and will be issued during the first qua r t e r  of 1965. 

The off-limit t e s t s  will de te r -  

4. 3. 8 Attitude 

The attitude of the command module during boost about the ae ro -  
dynamic axis will be sensed by a Q-ball. 
and will  f o r m  the nose cone of the launch escape tower. 
p r e s m r e  t ransducers  will furnish output signals corresponding to the 
dynamic p res su res .  

This device will be NASA/GFAE 
Internally-mounted 
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4.3.9 Flight Development Data Distribution Panel  

A signal distribution panel will be provided to  handle up to 90 high-level 
differential input signals and distribute these signals to a high level commu- 
tator in addition to providing analog data access ,  

4. 3. 10 Flight Development Data System 

A flight development data sys tem comprised of the following components 
will be installed in  the spacecraft. 
c ra f t ' s  communication subsystem, 

This sys tem i s  integrated with the space- 

1. Commutators- Two types of commutators  will be provided as 
NASA / GFAE. 

a. High-Level Commutators: 90  x 10 high-level, solid-state 
commutators will be provided. 
of the signal sources ,  power source,  and output loads,  wi l l  
be a completely integrated and operating sys tem capable of 
multiplexing signals 0 to 5 vdc full-scale and providing a 
standard iner t ia l  r a t e  integrating gyroscope (IRIG) waveform. 
Simultaneous pulse amplitude modulation (PAM), pulse 
duration modulation (PDM), and differentiated PDM outputs 
will be provided. 

Each unit, with the exception 

b. Low-Level Commutators:  90 x 10 low-levcl mechanical 
commutators will be provided. Each unit shall be capable of 
multiplexing low-level signals of the following full-scale 
ranges: 0 to 10 mv, 0 to 20 mv,  0 to 30 mv, 0 to 40 mv,  and 
0 to 60 mv- and providing a s tandard IRIG waveform output. 
The nominal pulse amplitude i s  to be 0 to 5 vdc full-scale.  
The multiplexer will have simultaneous PAM, PDM, and 
differentiated PDM outputs. 

2, Standard Electronics  Package (SEP) - One complete te lemet ry  
system comprised of components outlined below and including 
one 90 x 10 high-level commutator will be packaged on a chass i s  
provided by NAA/S&ID. 
and perform all necessary  qualification t e s t s  pertaining to this 
as sembled package. 

NASA will a s semble  these components 

a. F M  Transmi t te r :  One FM te l eme t ry  t ransmi t te r  capable of 
transmitt ing standard IRIG channels will be used. 
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b* Mixer: - One telemetry mixer  capable of mixing prescr ibed  
combinations of IRIG subcar r ie r  bands 1 through 18 and A 
through E will be provided, 

C. Modulation Package: A modulation package consisting of the 
IRIG subca r r i e r  oscil lators will be furnished. 

d. Calibrator:  A calibration network will be provided as NASA/ 
GFAE. 
command, all subcar r ie r  data channels with a five-point 
calibration over the 0 to 5 vdc range. 

This network must  be capable of interrupting, upon 

3. Flight Development Tape Recorder  - A 14-channel tape reco rde r  
with wow and flutter compensation and timing provisions will be 
used, 

4. Mod-Kit PAM/FM/FM Telemetry System- A complete te lemetry 
sys tem will be provided as NASA/GFAE for  installation in  the 
service module. 
qualification t e s t s  pertaining to this  kit which will include the 
following components: 

NASA will assemble and per form all necessary  

a. Low-Level Commutator: One low-level mechanical commutator 
capable of accepting 86 differential input data channels of ranges 
10, 20, 30, 40, and 60 m v  and conditioning them to standard 
IRIG PAM, PDM, and differentiated PDM outputs of 0 to 5 vdc 

b. Modulation Package: One modulation package consisting of 
11 s tandard IRIG subcar r ie r  osci l la tors  

c .  Mixer: An IRIG telemetry subcar r ie r  mixer 

d. Calibrator:  A unit capable of injecting a five-point calibration 

e. FM Transmi t te r :  An IRIG specified unit 

4.4 SPECIAL INSTRUMENTATION 

Implementation of the instrumentation for anthropomorphic test 
dummies , analytical, f i r e  -detection, photographic coverage, radiation 
monitors ,  and biomedical a r e  organizationally separated as special  
instrumentation, 

In support of design, requirements a r e  analyzed, procurement  
specifications prepared ,  and vendor sources  a r e  selected and monitored 
for qualified products. A major  portion of the equipment is obtained f r o m  
NASA GFAE. CFE procured  i tems a r e  subject to NASA approval, e 
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The following projects  a r e  present ly  being implemented: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Anthropomorphic t e s t  dummies to support water  impact  t e s t s  
on Boilerplates 1, 2 ,  and 28, and on Spacecraft 002A and 007 
(ATR 201 and subs) 

Biomedical instrumentation f o r  Spacecraft 008 environmental 
t e s t  chamber t e s t s  

F i r e  detection sys tem f o r  Spacecraft 001 tes t s  

Spacecraft 007 flotation tes t ,  Phase 111 

A pH water condition monitor sys tem 

Interface coordination and installation provision for  GFAE gas 
chromatograph 

GFAE c a m e r a s  to provide tes t  coverage of severa l  t e s t  vehicles 
and spacecrafts 

The operational nuclear particle detection sys tem 

4. 4. 1 Anthropormorphic T e s t  System 

The anthropomorphic t e s t  dummies a r e  fully instrumented t e s t  
a r t ic les  used in water  impact tes t s  to determine impact  accelerat ion and 
the angular ra tes  to which the spacecraf t  c r e w  is subjected, and to ascer ta in  
vehicle reent ry  conditions upon Ear th  impact, 
instrumentation consisting of 3 ra te  gyros,  6 l inear  acce le ra to r s ,  11 s t r a in  
gages (on the res t ra in t  ha rness ) ,  signal conditioners,  a tape r e c o r d e r ,  a 
power inver te r ,  and bat tery packs,  

The s e r i e s  of t e s t s  include 

The initial t es t  plan and equipment a r e  presented i n  a document 
entitled "Apollo Anthropomorphic Dummy Instrumentation System, I '  dated 
May 1963. 

4. 4. 2 Biomedical Instrumentation (Spacecraft 008) 

Instrumentation will be furnished to measu re  the inlet t empera ture  to 
the suits. 
measuring system: 

The following components will compr ise  the suit t empera ture  

ME 432-0096 Sensor by Temtech  
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ME go1 -9479 Signa! Conbitiozer by BddK-iz-Lirna- 
Hamil  ton 

V16-751175 Bridge Completion Network by NAA 

4.4. 3 F i r e  Detection Svstem (SDacecraft 001) 

The thermal  detection system (TDS) fo r  Spacecraft  001 consis ts  of a n  
electronic control unit (ME 90 1-0285) and a thermally sensitive sensor  
(ME 901-0284). The sensor  is a semiconductor cable, the dielectric 
between the conductors changing its res is tance as a function of ambient 
temperature.  

The purpose of the TDS is to detect  overheating on each of the reaction 
control sys tem panels and around the serv ice  propulsion system, It has  
been procured,  delivered, and installed in Spacecraft  001. One unit was 
procured for  in-house testing. 
the procedure to be used in  the tests,  

P rocess  Specification MA 0203-0159 defines 

4.4. 4 pH Water Condition Monitor 

The purpose of the pH water condition monitor is to monitor con- 
tinuously the pH value of the water produced in the Apollo fuel cells. 
pH value of the water is  an  indication of the operational efficiency of the 
fuel cel ls  and a l so  a determination of the potability of the water. An 
increase  i n  the pH of the water  beyond a predetermined level wil l  indicate 
a malfunction in the operation of the fuel cell,  The selected instrument is 
a commercial ly  procured,  g lass  electrode monitor with a flowing junction 
reference electrode utilizing KCl as the electrolyte. 
a r e  specified in the following documents: 

The 

0 

Details of the monitor 

NAA/S&ID Specification MC 432-0100, Monitor, Water Condition, pH 

NAA/S&ID Specification Control Drawing ME 432-0100, Monitor, 
Water Condition, pH 

Beckman Proposa l  No, CS 64-542AY A pH Monitor System 

4.4.5 Gas Chromatograph 

The GFAE g a s  chromatograph is a gas  analyzer with the capability of 

and CO ), and determining the quantity of t r ace  contaminants present ,  to  
a detectable limit of 5 ppm. 

quantitizing the p r i m a r y  compounds and elements  (H 2,  N2s 0 2 ,  H20,  NH3, 

2 

4-17 

SID 64-2061 



N O R T H  A M E R I C A N  A V I A T I O N ,  INC. SPACE and INFORMATION SYSTEMS DIVISION 

NAA supporting efforts a r e  directed toward providing interface coor - 
dination and installation capabilities in the spacecraft .  
controlled by an ICD No. MH01-03104-116, approved by NAA on 3 Decem- 
b e r  1964, and transmitted to NASA for  its concurrence,  

The interface is 

The supplier is qualifying the analyzer to NASA requi rements ,  and 
NASA has the pr ime responsibil i ty f o r  checkout calibration and maintenance 
procedures.  
tes ts .  

NAA will participate in  the monitoring of the qualification 

NAA is  currently preparing the installation procedure for  the space-  
c raf t s  with vehicle effectivities on Spacecraft  008, 011, 012, 014, 015, 017, 
and 020. 

NAA will conduct brief calibration checks on each spacecraf t  ins t ru-  
ment and wil l  also conduct extensive integrated sys tems t e s t s  on the p ro -  
totype model by April  1965. 

4 .4 .6  Camera  Systems 

Ap 0110 de ve 1 opme nt photographic instrumentation c on s i  s t s p r i mar il y 
of GFAE cameras  (cine) and associated equipment installed in o r  on the 
boilerplate and spacecraft  vehicles to record  (on film) events that occur 
during the flight on the vehicle. 
determination of the in-flight performance of var ious vehicle sys tems with 
r ega rd  to accomplishing mission objectives. 

Resultant data a r e  applicable to the total  

Abort t es t  vehicles-Boilerplates 23,  22,  and 23A-each have th ree  
complete camera sys tems on-board. 
protective case  where required,  timing pulse generator ,  control unit, 
bat tery power supply, and interconnecting e lec t r ica l  cables ,  

A sys t em consis ts  of camera  and lens ,  

Apollo impact t e s t  vehicles- Boilerplates 1, 2 and 28- have on- 
board camera  sys tem installations a s  p a r t  of the instrumentation to obtain 
data during the vehicle land and water  impact  tes ts .  
va ry  f r o m  the abort  vehicle type of sys tems in that  a lighting sys t em is 
required and a more sophisticated timing sys t em is used. 
board, high- speed cameras  view the anthropomorphic dummies and record  
their  reactions during vehicle impact. 
of the performance of the crew re s t r a in t  sys tems and crew couch shock 
attenuation systems,  
ing vehicle positioning and attitude during the landing impacts.  

These c a m e r a  sys tems 

The three  on- 

The data a re  a n  a id  in the evaluation 

Three ex ter ior  (on- site) c a m e r a s  a r e  used for record-  

Spacecraft 0 11 has  a two-camera recording s y s t e r , ~  on-board to 
monitor the main display console panel. 
sys tem in addition to the other camera  sys t em components. 
testing of the lighting sys t em will  be conducted by NAA, 

Installation includes a lighting 
Qualification 

4-18 

SID 64-2061 



N O R T H  A M E R I C A N  A V I A T I O N ,  I.NC. SPACE and INFORMATION SYSTEhlS DIVISION 

a 4.4.  7 Nuclear Par t ic le  Detection System 

1. 

2. 

3. 

4. 

System Description- The nuclear par t ic le  detection sys tem 
(NPDS) measures  the nuclear environmental external to the space- 
craft .  
aluminum diaphragm in the serv ice  module fairing a r e a ,  detects 
the quantity of protons and alphas in  severa l  energy ranges. 
signals generated a r e  telemetered in real- t ime to the ground. 
The information will be used at  the MSFC to compute radiation 
depth doses,  a complete mission radiation profile, and miss i le  
redirection, i f  required,  

Specifically, the NPDS, which is located behind a thin 

The 

Implementation- NASA direction to proceed with the design and 
procurement of the NPDS was given in December 1963, following 
a y e a r ' s  study of the nuclear environment and a complete survey 
of state-of- the-ar t  of space radiation instrumentation. A bread- 
board was constructed which provided the analysis of the design 
parameters  for  specification and evaluation purposes. Procure-  
ment Specification MC 431-0040 and SCD ME 431-0040 were  
prepared in July 1964. After receipt and evaluation of proposals 
a supplier was selected and procurement initiated, 

Current  Status-A contract was awarded the Philco Western 
Development Laboratory in  November 1964 for design and pro- 
duction of the NPDS. 
Phase I- including design, hardware /development, production, 
and delivery of engineering models will be complete by 15 June 1965. 
Phase 11- fabrication of qualification models and qualification 
testing-is scheduled f o r  completion by 15 December 1965. 
Phase 111- production of flight hardware-will proceed con- 
current ly  with the qualification testing when delivery of the first 
hardware is made in February 1966. 

Test  Program-A tes t  program will be established by the sup- 
plier,  for development, qualification, and acceptance testing, 
The. NPDS has been assigned a crit icali ty level of 3, and four 
models will be subjected to qualification testing, A l l  production 
models will be acceptance-tested and given a nuclear calibration 
at the source,  Engineering, qualification, and production model 
testing will be monitored and evaluated by NAA. The NPDS will 
be installed in the house spacecraf t  for  integrated systems tes t s  
and combined electromagnetic interference (EMI) testing. P r e -  
installation acceptance (PIA)  testing will be performed on produc- 
tion stock and spaces a t  appropriate locations. 
will be accomplished on Spacecraft 017 and 020. 

Flight qualification 
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5. Effectivity- The NPDS will be installed on a l l  Block I1 vehicles. 

4. 5 SCIENTIFIC INSTRUMENTATION 

GFAE instrumentation provides for  measurements  to be made in 
flight by the astronauts.  
signal conditioners, and data- recording and operational equipment to mon- 
i tor  physiological behaviour , scientific experiments,  and technological 
equipment in order  to study effects under zero-gravi ty  and vacuum environ- 
ment and further man's  knowledge of ex t r a t e r r e s t r i a l  space.  

The equipment consists of biomedical s enso r s ,  

Since the equipment will be NASA GFAE, interface coordination, 
installation provisions, and integrated sys tems testing will be an  NAA 
implementation effort. 
in the fo rm of ICD's. 
between NASA and the various experimenters .  
qualification requirements a r e  being imposed upon all equipment to be 
supplied by the experimenters  under NASA cognizance. 
plans will be formulated jointly with the respective experimenters  and 
integrated into the overal l  NAA integrated sys tems tes t ,  
and Interface ( P a )  Specifications, SID 62- 1002 and SID 64- 1388, cover the 
inte r fa c e r e quire m e n t s , 

Scientific equipment interfaces will  be documented 
Developmental t e s t  plans include close l iaison 

The spacecraf t  flight 

Equipment t e s t  

Per formance  

Documents to be furnished by NASA and the experimenters  for  NAA 
review and concurrence will include (1) PIA procedures ,  (2)  experimenter  
qualification test  p rogram,  (3) fa i lure  analysis,  (4) specification documenta- 
tion, and (5) functional t e s t  plans. 

Operational camera  sys tems a r e  defined as  p a r t  of the vehicle scienti- 
f ic payload. 
(2) airglow horizon photography, (3)  ultraviolet as t ronomical  observations,  
and (4) meterorological observations. 
014 and subsequent manned orbi ta l  flights. 
on Spacecraft  104, 105, 106, 107, and 108 to photograph lunar excursion 
module docking exe rc i se s  during Apollo orbital  flights. 

The cameras  will be used for (1) synoptic t e r r a i n  photography, 

The effectivity extends to Spacecraf t  
Cameras  (cine) will a l s o  be used 

Currently being developed is a photographic instrumentation sys tem 
(GFAE) which w i l l  be available for operation in a space enviroment. 
and lens will each have the capability of being purged, pressur ized  with an  
iner t  gas,  and sealed. The first hardware of this type will  be installed on 
Boilerplate 22 to record  in-flight data a t  ex t reme alt i tudes (200,000 feet). 
Subsequent units a r e  scheduled for installation on Spacecraf t  002, 010, and 
011. 

Camera  
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5 . 0  DEVELOPMENT TEST PLAN 

The t e s t  plan purpose is to prove the design and flight worthiness of 
each subsystem to and beyond the specified l imits  of functional and environ- 
mental  s t r e s s e s  by means of ground simulationof c r i t i ca l  missionrequirements .  
P r o g r a m s ,  schedules, and environmental c r i t e r i a  a r e  delineated for  all 
Apollo spacecraf t  subsystems and associated ground support equipment. The 
individual qualification of each subsystem i s  planned by f i r s t  defining the 
scope of each tes t  program, then delineating the t e s t s  to be performed with 
the hardware required,  and finally establishing minimum tes t  c r i t e r i a  con- 
s is tent  with equipment criticality. 
culminates in the operational integration of all subsystems to a s su re  dimen- 
sional and functional compatibility unaer mission environment. 

The ground qualification tes t  program 

The objective of the tes t  plan i s  to present  the philosophy to be 
employed to verify the capabilities of S&ID-de signed Apollo spacecraf t  sub- 
sys tems and associated GSE to accomplish the intended mission. Qualification 
will  be achieved by demonstrating the capability of the systems to per form 
within specified requirements  and by showing that function performance and 
quality provision can be repeated on randomly selected tes t  a r t ic les .  The 
p rogram will show a step by step qualification plan f rom one level of assembly 
to the next and f rom one mission phase to the next. Qualification for  each 
pre l iminary  step in the flight will be achieved just  befor2 the effected vehicle 
launch date. (Ultimate qualification for  the lunar mission requirements  will 
be achieved p r io r  to the launch date. ) 

The Apollo instrumentation subsystem development plan includes 
ana lys i s ,  design, and development of the subsystem; l iaison between NASA 
and the subcontractors;  supervision of manufacturing and assembly; approval 
of required documentation; establishment of a program of tes t s  and tes t  
support;  and data analysis for  system performance and reliability. 
development plan logic chart  is shown in Figure 5-1. 

A 

5 . 1  MEASUREMENT REQUIREMENTS 

Analysis will  be made to determine i f  measurement  requirements  a r e  
in  agreement  with program and tes t  objectives. 
requi rement  will be cri t ically screened to ensure fulfillment of objectives, 
elimination of excessive i tem s, and prac t ica l  system implementation, 

Each vehicle instrumentation 

Each measurement  requirement will  be studied fo r  optimum inplemen- 
tation within constraints of cri t icali ty,  reliabil i ty,  cost ,  schedules, and 
p e rf o r m  an ce . 
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After measurement  requirements are defined, existing hardware will  

Supplier 
be examined for use.  Where hardware does not exist ,  detailed specifications 
will be established and released to appropriate suppl iers  for bid. 
responses  will be evaluated, and the bes t  source will be selected fo r  procure-  
ment. 
p rogram will be a s su red  by procuring a l l  i t ems  under specification control 
documentation. 

0 
Compliance of all equipment with the s t r ingent  requirements  of the 

5, 1. 1 Evaluation Tes t s  

To determine their adequacy for usage on Apollo, evaluation t e s t s  will 
be conducted on instrumentation systems procured  f rom various suppliers. 
These t e s t s  will be conducted under c r i t i ca l  environments simulating those 
to be encountered in the Apollo program. 
a factor  in the determination of the procurement  source for  each type of 
t ransducer .  

The resu l t s  of these t e s t s  will be 

5. 1. 2 Development Tests  

Because some pa rame te r s  cannot be measured practically by existing 
instrumentation techniques, a program will be initiated to develop new ins t ru-  
mentation techniques and equipment. This program will involve new design 
concepts and intensive laboratory testing under simulated conditions r e p r e -  
sentative of operational usage. 0 
5. 1. 3 Qualification Tes ts  

Qualification t e s t s  will be performed on the fully developed subsystem 

Tes ts  wi l l  be performed on a sample of each type 
and components to ensure compliance with instrumentation subsystem and 
spacecraf t  requirements.  
of component, with the samples to be produced using the same tooling and 
p rocesses  and under the same conditions a s  those intended for  vehicle use. 
Each component will be subjected to qualification tes ts  in accordance with 
c r i t e r i a  established by S&ID. 
be established: 

Three qualification categories or phases will 

1. Fully qualified for manned lunar mission 

2 .  Qualified for earth-orbital  unmanned flights 

3. Qualified for limited noncritical use ,  such as s ta t ic  f i r ings,  
acoust ic  vibration, integrated environmental tes ts ,  and other 
ground tes ts .  

Successful completion of the qualification t e s t s  for  each phase will automat- 
ical ly  qualify the component to  that level of usage. 
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5. 1. 4 Reliability Tes t s  

Reliability tes t s  and s ta t is t ical  analysis will be performed,  as required,  
to ensure that the subsystem and components will meet the reliabil i ty require-  
ments  of the Apollo program. Operating and tes t  his tor ies  of the contractor ,  
subcontractors,  associate contractors ,  and NASA will be compiled and used 
in  reliability analysis. Fai lure  mode and ef fec ts  analysis wi l l  be  performed 
f o r  each flight vehicle. 

5. 1. 5 Quality Assurance Tests  

A quality assurance program will be implemented to verify,  by means 
of inspection and testing, that the components comprising each measuring 
sys tem actually perform as required. 
manufacturing techniques employed and the mater ia l s  selected will resu l t  in 
a high-quality product to meet  the design requirements .  

The program will a s su re  that the 

5. 1. 6 Compatibility Tests  

Subsystems will be assembled and operated under all modes of the 
mission profile to a s su re  compatibility of the equipment with other spacecraft  
sys tems.  
spacecraft .  

The subsystems will be installed in a geometr ic  mock-up of the 

5. 1. 7 Configuration Control 

Upon determination of the components in  the measurement  system, an 
equipment list wi l l  be completed providing the information necessary  to initiate 
wiring and vehicle installation design. The installation design wi l l  be the engi- 
neering control document specifying vehicle effectivity, equipment location, 
and operating process specifications. Procurement  will normally be sched- 
uled so that delivery i s  to the manufacturing site for vehicle assembly. 
Par t icu lar ly  fragile or sensitive units will be delivered to out-of-station 
installation a reas .  

5. 1.8 Development Test  Program 

An instrumentation development tes t  summary  is shown in Figure 5-2. 
The i tems to be tested include sensors ,  associated signal conditioning equip- 
ment,  measurement subsystems, and special instrumentation such as optical, 
scientific, and biomedical. 

5. 1. 9 Development Test Cr i te r ia  

The initial phase of the development plan is to determine measurement  
The c r i t e r i a  will  be determined f r o m  existing sys tem performance c r i te r ia .  
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a program documentation, customer direction, contract ground ru l e s ,  and 
experience applicable to the subsystem program. 
a r e  measurement  requirements ,  environmental conditions, vehicle tes t  
objectives, reliability, program schedule, equipment, and data accuracy. 

Fac to r s  to be considered 

5. 1. 10 Subsvstem Concept 

Based on determination of these c r i t e r i a ,  a period of sys tem analysis 
is  utilized to derive a subsystem conceptually and to delineate sys tem 
utilization. 
quality capable of reliable and safe data acquisition for long-term space 
missions.  Secondly, it was determined that the instrumentation subsystem 
and components would be required throughout the total duration of the Apollo 
program,  s ta r t ing  with ground tes t  vehicles,  proceeding to unmanned flight 
vehicles,  and culminating with manned lunar landing vehicles. Based on 
these c r i t e r i a ,  a qualification level was established which would be com- 
mensurate  with the worst-case need and would be broken down into three 
phases:  
vehicle operation, and (3)  for ground tes t  vehicles,  such a s  s ta t ic  f i r ings,  
engineering tes t  and house vehicles. 
specific vehicle applications. 
is  shown in Figure 5-3. 

F o r  the Apollo program the subsystem components must  be of a 

(1)  fo r  manned flight vehicle operation, (2)  for unmanned flight 

This category would vary according to 
An instrumentation subsystem t e s t  summary 

1. Classification - The instrumentation equipment will be classified 
to the degree o r  extent of reliabil i ty requirements ,  based on 
crit icali ty and/or  c lass  of equipment as follows: 

a. Class A: manned flight vehicle instrumentation 

b. Clas s B: - unmanned flight vehicle instrumentation 

c. Class C: s ta t ic  firing or  ground tes t  instrumentation, 
which may vary between vehicles,  depending on specific 
vehicle application 

2. Criticality of Equipment - The instrumentation equipment 
criticality levels will be as follows: 

a. Criticality 1: Components having any mode of failure 
which could cause loss  of crew, o r  which could endanger 
ground personnel,  o r  which could cause conflict with 
range safety requirements  

b. Criticality 2: Components having any mode of fa i lure  
which could cause miss ion  abor t  
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c.  Crit icali ty 3: Components having modes of fa i lure  which 
may cause l e s s e r  incidents 

3 .  Qualification Tes t s  - Qualification t e s t s  will be in accordance with 
the methods and levels specified in  Specification MC 999-0050, 
MC 999-005 1. 
o r  amend these values. 

Specific procurement  documents may supplement 

Unless otherwise specified, qualification t e s t s  will consis t  of those 
tes t s  l is ted herewith. With proper  justification, applicable portions of the 
required qualification t e s t s  may be waived in accordance with MC 999-0050, 
paragraphs entitled "Waiver of Tests"  and "Tes t  Waiver Request. 

Qualification t e s t  specimens must  have been successfully subjected to 
the required acceptance tes t s  before the s t a r t  of qualification testing. 

Qualification t e s t  specimens,  whenever feasible,  a r e  to be operated and 
monitored during, a s  well a s  a f te r ,  each environment. 

Qualification Testing Sequence 

Tes t  

Ele ctr omagne t ic inte r fe r ence 
Vibration 
Acoustics 
High and low temperature  
Humid i ty::c 
Ac cele ration 
Mechanical shock 
Ga s eou s o xidiz e r 
Oxygen (4 hours  at 14.7 psi)': 
Vacuum - temperature  
Propellant compatibility 
Leakage 
Salt fog:: 

Class  of 
Equipment 

A B  
A B  
A B  
A B  
A B  
A B  
A B  
A 
A 
A 
A 
A 
A 

C 
C 
C 
C 
C 

Tes t  Specimens 
No. 1, No. 2, No. 3 

Note: The t e s t  sequence is to 
be determined by the 
specific procurement  
document. There will  
be a minimum of two 
te st specimens for  
Crit icali ty 3 Instru- 
mentation and a 
minimum of three test 
spe cime n s for 
Cri t ical i t ies  1 and 2 
Instrumentation. 

Following. the determination of a qualification tes t  level,  a review will 
be initiated on existent hardware and on developments in the industr ia l  
community. Procurement  documents will be initiated delineating the design 
performance,  qualification, and equipment t e s t  requi rements .  These docu- 
ments  a r e  to be released to potential suppl iers  f o r  competitive bidding and 
technical response.  
m e r i t  and capability of providing the des i red  equipment. ) Concurrently,  

(The responses  will be evaluated on the bas i s  of technical 

"For manned flight command module (crew compartlnent), the humidity, oxygen, and sal t  fog tests must be a 
sequential, combined test (corrosive contaminants, oxygen, and humidity). 
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technical analysis will be initiated to refine the c r i te r ia ,  review the usage, 
and re-define the development testing by a process  of reiteration. 

This effor t  will be considered a basic  milestone in that p r imary  anal- 
ys i s  of requirements will have,been completed and a decision for equipment 
implementation made. In some cases ,  pre-contract  t es t s  would be con- 
ducted for evaluation between competitive responses  or  to proof proposed 
technical applications. 

0 

5. 1. 11 Engineering Component Tests  

The selected equipment suppliers will be required to conduct a s e r i e s  
of tes t s  to provide adequate documented assurance that the end i tem will 
meet  i ts  specified performance requirements. The tes t  plan will be reviewed 
and will  include a s e r i e s  of t e s t s  to qualify the i tem to the level of usage 
through a s e r i e s  of t e s t s  generally consisting of the following: (1) engineering 
prototype testing, (2)  manufacturing production model testing, ( 3 )  functional 
acceptance testing, and (4) calibration and qualification testing. The testing 
a t  the supplier will be monitored by quality assurance  and engineering 
personnel f rom NAA to provide assurance of proper  performance. 
point, the equipment will be delivered to NAA for calibration, installation, 
and checkout operations. Functional tests will be performed on instrumen- 
tation components when the equipment is received and calibrated. Additional 
verification will be obtained in the ground operations and checkout operations 
to fur ther  a s s u r e  that the equipment will be of proper  design and of 
sat isfactory quality. 
operated a s  an  integral  subsystem, independently at  fir s t  and concurrently 
with other vehicle sys tems la te r .  Data will be accumulated a t  a l l  operation 
leve ls  and performance will be analyzed to fur ther  determine the suitability 
of the equipment. 

F rom th is  

Thereupon, the equipment will be installed and 0 

5. 1. 12 Vehicle Flight Tes ts  

The flight operations will provide performance data to determine the 
suitability of equipment operation for subsequent flight use. 

5. 1. 13 Analysis and Feedback 

Information obtained from the equipment supplier and from both ground 
and flight operations will be accumulated and will consist of performance 
r e c o r d s ,  nonconformance repor t s ,  trouble repor t s ,  t es t  repor t s ,  and data 
evaluation. These data will be evaluated in conjunction with a continuing 
overa l l  system analysis  which will define marginal  and off-limit operations. 
The system and performance analysis will indicate marginal a r e a s  of initial 
applications. m e r e  such a r e a s  a r e  identified, improvements will be 
init iated on the marginal  components, and off-limit testing will  be conducted 
to fur ther  qualify the initial usage equipment. A basic flow diagram i s  e shown in  Figure 5-4. 
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5.2 COMPONENT 

5. 2. 1 Objective 
a 

, 
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DEVELOPMENT AND QUALIFICATION 

The objective of qualification tes ts  will be to ensure that the system 
components provided by the suppliers will perform according to the speci-  
fications, under defined environmental conditions, and with sustained 
reliabil i ty over a specified period of time. 

The various system components will be tested for performance 
charac te r i s t ics ,  such a s  l inearity,  hys te res i s ,  stability, repeatability, and 
output level. 
environmental conditions of vibration, shock, acceleration, acoust ics ,  
temperature ,  and radiation. Reliability will be determined by monitoring 
component output over an extended period of operation. 

During the tes ts ,  the components will be subjected to varying 

5.2. 2 P rogram Requirements 

Tes t  a r t ic les  will include such components as p res su re  t ransducers ,  
t empera ture  t ransducers ,  flow meters ,  quantity t ransducers ,  acoustic 
t ransducers ,  vibration accelerometers ,  attitude gyros,  ra te  gyros,  signal 
conditioners, and ablation transducers.  Data will be recorded by oscil lo- 
graphs,  oscilloscope cameras ,  tape r eco rde r s ,  and other data-logging 
devices.  0 
5. 2. 3 Equipment 

Vacuum chambers,  p re s su re  chambers ,  ovens, e t c . ,  will be used to 
simulate the desired environmental conditions for test. 

5. 2. 4 Faci l i t ies  

The tes t  facility will consist of a complete evaluation laboratory 
equipped with environmental chambers,  measurement  s tandards,  recording 
equipment, and typical tes t  equipment. 

5.2. 5 Tes t  Schedules 

Tes t  schedules will vary  for each component, depending upon type, 
the number of each type being tested, and the tes t  vehicle for which it is 
intended. 

5-11 
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5 , 3  QUALITY ASSURANCE PROVISION 

5.  3. 1 Quality Assurance Program 

The supplier is to have o r  es tabl ish a quality assurance  program that 
conforms to the requirements  of specification MQ0802-001. 

5 .  3 . 2  Tes t  P rogram 

Unless otherwise specified, the supplier must es tabl ish a tes t  p rogram 
for  development, qualification, and acceptance testing in  accordance with 
Specification MC 999-0050, to the extent required by the specific procurement  
documents. 

5.  3. 3 Identification and Traceability 

The identification and traceabili ty will be in accordance with the 
requirements  of Specification MA 0201-0209 fo r  Crit icali t ies 1 and 2. 
level  of identification and traceabili ty will be as  defined in the specific 
procurement  documents. 

The 

5. 3. 4 Classification of Tes t s  

The t e s t s  specified herein will be classified as (1) qualification t e s t s  
and (2)  acceptance tes t s ,  

5. 3. 5 Testing Requirements 

The supplier i s  to conduct all tes t s  specified herein,  un less  the specif ic  
procurement  documents indicate otherwise.  

5 . 4  ACCEPTANCE TESTS 

5. 4. 1 Obiective 

The objective of the acceptance tes t s  will be to ensure  that each 
component i tem received is  in sat isfactory operating condition and is  capable 
of performance in accordance with the specifications. 

5 .  4. 2 Test  P lan  

Each component item received will  be inspected initially to ensure  good 

Following the receiving inspection, the individual component i tem will 
mechanical condition, co r rec t  dimensions, p roper  identification marking, 
etc.  
be subjected to an operational checkout that t es t s  the per formance  charac-  
t e r i s t i c s  of the item under l imited environmental conditions indicated fo r  the 

5-12 
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qualifying inspection. The p re  -installation 
requi red  to support the manufacturing need 
tes t  vehicle. The pre-installation tes t  will  
operational checkout. It will be performed 

0 
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t es t  will be performed as 
date for system installation in  a 
be essentially the same as the 
to ensure that no degradation in 

performance has  occurred during the shelftime per iod of the component 
i tem. 

5.4. 3 Examination of Product 

Each unit will be examined to determine compliance with the applicable 
specification with respec t  to mater ia l ,  workmanship, finish, dimensions, 
construction, identification, and mar king s. 

5. 4. 4 Vibration Test  

Units will be subjected to vibration t e s t s  a s  specified in  the applicable 
procurement  document. 

5. 4. 5 Insulation Resistance Tes t  

Insulation resis tance between electr ical ly  insulated circui t  t e rmina ls  
and the mounting case will be measurzd. 
be l e s s  than the value required by the specific procurement  documents. 

Insulation resis tance should not 

5. 4. 6 DC Resistance Test  

By use  of a resis tance bridge o r  equivalent, res is tance of c i rcui t  
e lements  will be measured. DC resis tance must not deviate beyond 
tolerance l imits  required by the applicable procurement documents. 

5. 4. 7 Functional Test  

Unless otherwise specified, functional tes t s  will be performed a t  room 
ambient conditions. 
to verify the performance requirements of the applicable procurement  
documents. 

Tes t s  will utilize applicable tes t  equipment and stimuli  

5, 4. 8 Test  Conditions 

Unless otherwise specified, all t e s t  faci l i t ies  shal l  be in  accordance 
with Standard MIL-STD-810. 

5. 4. 9 Tes t  Faci l i t ies  

Tes t  facil i t ies o r  agencies employed for  conducting the tes t s  descr ibed 
h e r e i n  must  be approved by NAA/S&ID. 

5-13 
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5.4. 10 Operation of Test  Specimen 

Unless otherwise specified, all tes t s  a r e  to be performed with equip- 
ment mounted in a manner reasonably simulating spacecraft  installation 
and with equipment operating as specified. Operation will be monitored 
during qualification tes ts .  
provided on the specific procurement documents for each component. 

The installation is to be in  accordance with data 

5 . 5  INSTRUMENTATION PRE-INSTALLATION ACCEPTANCE 

The operation for sensors  which require  calibration will consist  of 
conducting tes t s  in accordance with applicable NAA process  specifications 
to provide calibration verification. 
la tes t  calibration data for the unit under tes t  to determine unit acceptability. 
An established acceptance tolerance referenced to the la tes t  calibration 
must  be adhered to. Equipment support for th i s  operation will be scheduled 
with local laboratory support facilities. 
control char t  is shown in Figure 5-5. 

The data a r e  to be compared with the 

A pre  -installation checkout and 

5. 5. 1 GFAE Communication and Signal- Conditioning Commutator Equipment 

These i tems  will be subjected to a n  operational performance check in 
accordance with applicable NAA process  specifications to provide, in par t ,  
a basic  check of the unit under test .  

5. 5. 2 Invalidation 

Unless otherwise specified in the instrumentation plan of action, a n  
elapsed t ime of 120 days, after the init ial  calibration o r  previous PIA check 
on a spare i tem, wi l l  invalidate that i tem f o r  spacecraf t  use. 
be recycled through PIA to validate it again for use.  

The i tem must  

5 .6  INSTRUMENTATION CALIBRATION 

The calibration will be performed in  accordance with p rocess  speci-  
fications generated by Instrumentation Engineering and certif ied by NAA 
inspection personnel. When a hardware i tem is calibrated,  data will  be 
recorded directly on a calibration card  in  addition to being recorded  on the 
normal  data sheet. The equipment t r ans fe r  f o r m  will  be filled out with 
processing information, and the operations will be verified by Quality Control 
personnel,  
form with all other data to the instrumentation stockroom, along with the 
component. 
is  to be filled out wi l l  be contained in the applicable calibration p rocess  
specification. 

The calibration laboratory personnel  will r e tu rn  the calibration 

Detailed instructions delineating the manner in  which the ca rd  

Calibration data will be forwarded to the responsible 
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instrumentation vehicle engineer for  his approval; i f  he approves the data,  
it will be forwarded to the Tes t  Data Group for processing and distribution. 
F o r  a typical instrumentation calibration card  and curve see Figure 5-6. 

To  a id  in  establishing traceability and calibration history and in 
obtaining component malfunction analysis ,  a his tory re  cord of each component 
will  be maintained. 

Major subcontractors and vendors will  supply baseline calibration and 
traceabili ty data as required by the applicable documents which delineate 
end-item documentation requirements  fo r  the Apollo program. 

5 . 7  SUBSYSTEM TESTS AND INTEGRATED SYSTEM TESTS 

5. 7. 1 Tes t  P rogram I 
Subsystem and integrated system t e s t s  will  be conducted on boilerplates 

and spacecraf ts ,  ei ther during o r  af ter  completion of the manufacturing 
phase.  Input and output readings will be made at the appropriate check 
points to ensure  that a l l  instrumentation components in the sys tem a r e  
functioning according to the design specifications. Malfunctions will  be 
investigated thoroughly, and appropriate correct ive action will  be determined 
and implemented. 

Subsystem tests on Boilerplate 14 to determine the compatibility of the 
components with other spacecraft  subsystems will be performed under 
operational conditions without simulated environment. 
vibration environment will be determined during subsystem t e s t s  conducted 
on Tes t  Fixture 2 and Spacecraft 001. The effects of acoustical  environment 
will be determined during subsystem t e s t s  conducted on Spacecraft  001. The 
effects of temperature  and vacuum environments will  be determined during 
subsystem tes t s  conducted on Spacecraft 008. 

The effects of 

5. 7. 2 Subsystem T e s t s  I 
The objective of subsystem t e s t s  will be to determine the interaction 

of the individual components when they a r e  functioning as  a p a r t  of the 
complete subsystem. 

5. 7. 3 Integrated System Tes t s  I 
The objective of integrated system tests  will be to  determine the 

interaction of subsystem when all subsystems a r e  functioning as a complete 
system. 

SID 64-2061 
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Figure  5-6. Typical Instrumentation Hardware Calibration Card and Curve 
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5.8  SUBSYSTEM CHECKOUT TESTS 

Subsystem checkout tes ts  will be conducted in accordance with the 
p rocess  specification, Apollo Spacecraft Instrumentation Checkout Require- 
ments ,  and applicable spacecraf t  subsystems checkout procedures ,  An 
instrumentation process  and checkout specification development char t  is 
shown in  Figure 5 - 7 ,  

Checkout of spacecraf t  instrumentation subsystems will involve end-to- 
end subsystems response. 
will be obtained as  pulse coded modulation (PCM) telemetry data and will be 
based on the resu l t s  of an analysis of the digital  print-out data v ia  the 
acceptance checkout equipment (ACE) interleaver to the te lemet ry  ground 
station. 
and operational on-board tape r eco rde r s  will be based on the resu l t s  of an  
analysis  of reduced playback data. 
of te lemetry ground stations and of the Tes t  Data Group. 

Verification of operational measurement  data 

Verification of measurement  data recorded on the flight development 

Tape reduction will  be a support function 

The following cr i te r ia  will establish configuration for  checkout: 

1. Type of sensor  

2.  Location of sensor  

3.  Method of stimulation 

4. Equipment to be utilized in checkout 

5. Approach and equipment for trouble isolation 

Checkout of spacecraf t  measurements  will  requi re  ambient on-scale 
and/or  physically applied dynamic stimulation to data source where possible.  
Minimal checkout will  consist  of res is tance and continuity checks. 
of sensor response at  a known s ta t ic  ambient condition comparable to a point 
on the sys tems calibration curve will be acceptable i f  the overa l l  sys t em 
end-to-end data is within an established tolerance of the reference calibration 
point. Unless otherwise specified, s enso r s  which indicate off-scale ambient 
readings throughout space craft  power -on t e s t s  will  be physically st imulated 
when possible. 

Recordings 

In the event that the complete spacecraf t  assembly  consisting of the 
command module service module, launch escape tower,  and heat shield 
assembl ies  a r e  not available during the Downey (S&ID) spacecraf t  p repara t ion  
t e s t s ,  simulated measurement  loads and applicable read-out voltages 
developed ac ross  these loads may be introduced at the appropriate interfaces .  
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When fault isolation is required a s  a resu l t  of quick-look data analysis ,  
the cur ren t  testing schedule will be reviewed by the responsible NAA and 
NASA tes t  conductor(s) to determine the appropriate t e s t  phase in which to 
per form fault isolation. 
instrumentation break-out box will be provided to support fault isolation 
performance. Meter room equipment will be used to monitor functions 
available a t  break-out box t e s t  points. All power-on fault isolation performed 
will utilize special T-type, in-line access  ha rnesses  to provide normal  
spacecraf t  power and control functions to the subsystem under tes t ,  
applicable, spacecraft  fault-isolation should be categorized as res i s tance  
and continuity checks only. 
ha rness  checkout and component installation is  shown in  Figure 5-8. 

Instrumentation car ry-on  ha rnesses  routed to a n  

Where 

An instrumentation t e s t  plan for  spacecraf t  

5 . 9  GROUND TESTS 

The individual ground qualification of instrumentation equipment and 
subsystems will be in accordance with the established minimum tes t s  
c r i t e r i a  consistent with equipment cri t icali ty a s  stipulated in Apollo space- 
c raf t  system specification SID 63-313 and CS7 Technical Specification- 
Block 11, SID 64-1344. 

The Boilerplate 14 configuration will support  e a r l y  unmanned flight 
vehicles,  and most operational measurements  will be included in the measu re -  
ments  l i s t ,  However, those which a r e  passive or will not yield useful data 
have been deleted. The flight development e lectronic  equipment will  be 
installed when Boilerplate 14 is re-configured to Spacecraft 009. The 
flight development measurements  will not be included in  the list. Those 
measurements  of this nature which will be required for support of sys t ems  
t e s t  operations wi l l  be added to the vehicle and controlled by Apollo Tes t  
Requests. 

The ground tes t  vehicles a r e  utilized to t e s t  components for  spacecraf t  
sys tem compatibility p r i o r  to utilization on flight vehicles. This concept 
allows utilization of pre-qualified and/or  lower -qualified instrumentation. 
Analysis of data between t e s t s  es tabl ishes  the functional capability of the 
instrumentation for the next test .  
exis t ,  they can be defined and resolved by this method, 
Spacecraft 006 furnish a tool for simulating sys tem flight performance.  

Should any sys t ems  compatibility problems 
Boilerplate 14 and 

The effects of thermal  vacuum effect  on instrumentation sys tems 
performance of a simulated lunar flight will be evaluated on Spacecraf t  008. 
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5. 10 ANALYSIS 

To maintain program visibility and to provide a definition of the 
overal l  development activities'  in relationship to  the instrumentation develop- 
ment  plan, the following bas ic  support documents a r e  presented: 

1. 

2. 

3.  

4. 

The Apollo CSM Manufacturing Operations Requirements Plan 
(MORP) documents define the engineering requirements  for the 
assembly and subsystem tes t  p rocesses ,  p r io r  to system checkout 
a s  described in the Ground Operation Requirements P lan  (GORP). 
A table cross-referencing document numbers against  vehicles,  
will be included in an ear ly  revision. 

The Apollo CSM Ground Operation Requirements Plan (GORP) 
documents present  the overal l  engineering requirements  for ground 
operations, f rom factory through launch and post-recovery 
testing, as required on each vehicle. A table c ross - re ferenc ing  
document numbers against vehicles will be included in  a n  ea r ly  
revision. 

The Apollo Ground Operations Support P lan  (GOSP) documents 
define scheduled and unscheduled maintenance and associated 
support requirements  for  each vehicle and re la ted  ground support 
equipment (GSE) during performance of specific t e s t  and checkout 
sequence (TACOS). A table c ross - re ferenc ing  document numbers  
against vehicles will be included in an  ea r ly  revision. 

Functional integrated system schematics  provide complete overal l  
vehicle/support equipment interface.  
functional sys tem requirements  for each separa te  vehicle in Block I 
and Block 11. 
against specific vehicles will be included in  a n  e a r l y  revision. 

These drawings descr ibe  the 

A table c ross - re ferenc ing  schematic  drawing numbers  

5. 10. 1 Pre-Fl ieht  

Functional checkout, component calibration, and subsystem 
will  be employed to determine the integrity of the instrumentation 
and system. 

5. 10. 2 Post-Flight 

t e s t  data 
component s 

Post-flight analyses will be accomplished to ver i fy  that the components 
and the system performed according to design requi rements  and to determine 
the sys tem accuracy by evaluating all systems variables.  
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5. i o .  3 Component 

' Analysis of a component is made to es tabl ish i t s  compatibility with its 
0 

physical environment and to determine i t s  accuracy. 

The integrity of the instrumentation subsystem and of the i tems making 
up the subsystem a r e  verified through implementing the development tes t  
plan . 

The incapability of the subsystem to be put to the ultimate use cal ls  for  
correction. The correction can take severa l  paths, and each case has to be 
decided upon i ts  own mer i t s .  The tes t  requirements  may be found to exceed 
the subsystem needs and a relaxation of tes t  requirements  may be in  order .  
This situation will call for revision of the tes t  plan and/or  specification. 
Suspected problems in the conducting of t e s t s  can be verified through repet i -  
tion in  testing or  by built-in checks since s e r i e s  of t e s t s  overlap to a cer ta in  
extent. 
quality control o r  to inadequate design will require  appropriate changes and 
e i ther  an abbreviated tes t  program to conform with the subsystem develop- 
ment tes t  plan o r  a complete battery of t e s t s  to verify compliance. Correc-  
tions which re ference  original measurement  requirements  could resu l t  in 
the relaxation of c r i t e r i a  which, in some cases ,  would call for  no new 
design o r  testing or they could lead to the organization of new pa rame te r s  
calling for new measurements ,  equipment, design, tes t  plans,  and 
documentation. 
subsystem even to  the removal of cer ta in  portions thereof. 
should be considered only when they will not impair the mission objectives 
of the spacecraf t  and the subsystem a s  a whole. 

Problems analyzed a s  deficiencies in manufacturing traceable to 

C a s e s  could a r i se  which dictate complete revision of the 
Such changes 

0 

5.11 NONCONFORMANCE REPORT 

If a hardware i tem i s  replaced on a vehicle because of damage, a 
condition of out-of- calibration, re turn to supplier for  modification, etc. , 
the p a r t  will be sent on an NCR to Material  Review where disposition will be 
made with Instrumentation Engineering's concurrence. 
be routed through the instrumentation stockroom in  accordance with 
Mate r i a l  Review disposition. 

The pa r t  will then 

5. 12 VEHICLE CONFIGURATION LIST 

The Tes t  Data Group will be responsible for supplying accurate  
vehicle instrumentation configuration l i s t s  to installation and control offices, 
Configuration l i s t s  will be published periodically pr ior  to active testing and 
on a per  tes t  bas i s  during active testing. 
inf o r  mation, con si s t ing of mea  sur e me nt numbe r , me asur  e me nt de s c r  iption , 
s e r i a l  number,  channel number,  etc. 

These l i s t s  will show complete 

0 
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5. 13 THE OFF-LIMIT TEST 

5. 13. 1 Application 

The off-limit tes t  is considered as par t  of the design-proof phase,  but 
successful demonstration of a given design margin  is no the ld  a s  a contin- 
gency for  qualification of any component under test. 
the design margin relevant to any cr i t ical  failure mode. 
verify that these a r e  not cumulative tolerance situations which the t e s t s  
indicate may contribute to unreliability. 

The t e s t s  will determine 
The intent is to 

5. 13. 2 Character is t ics  of the Off-Limit Test  

The off-limit tes t  determines design margins  and fur ther  enables the 
engineer to  predict  the potential reliability of a given charac te r i s t ic  o r  
component. 
t e s t s  and they are  associated with verifying either s t r e s s  o r  performance 
margins .  The f i r s t  may involve s t r e s s  to destruction. The t e s t s  a r e  
accomplished by determining the s t r e s s -  strength margin  related to each 
charac te r i s t ic  o r  fa i lure  mode and then algebraically summing them up. 
Some of this work will be done during the development p rogram on the lower 
levels of assembly, but there  is a definite need to verify the r e su l t s  and to  
examine the effects of interface during qualification. 

There a r e  two distinctly different types of Apollo off-limits 

5. 13. 3 Off-Limit Tes t s  for Safety Margins 

A t e s t  should be conducted on ten  o r  m o r e  samples  for reasonable 
accuracy. 
ment  and of the strength of each component to be utilized m u s t  be known. 
Knowing the s t r e s s  accurately,  one can  determine the probability of a fa i lure  
re levant  to that s t r e s s  as  a function of the safety margin  and the distribution 
of s t rengths  associated with the s t r e s s .  
design margin  is not the complete answer,  the verification of its magnitude 
and the assurance of a res t r ic ted  distribution around the mean is  a l so  
essential .  In theory, it is possible to determine the safety o r  design 
margins  with a very few samples  when the distribution of s t rengths  approaches 
a single value. 

To analyze the fai lure  mode, the charac te r i s t ics  of the environ- 

Since establishing a n  adequate 
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6 . 0  TEST REQUIREMENTS 

The development tes t  plan will provide definition of the testing 
required for  all instrumentation equipment. 
criticality: (1) ground tes t ,  (2) unmanned flight, and (3)  manned flight. The 
tes t  requirements  will be based on overall  mission environment and 
operational conditions to be encountered by each ground and flight vehicle 
i n  these missions.  Qualification tes t s  will satisfy all Block I and Block I1 
vehicle mission requirements.  
include simulation of the most stringent environmental conditions to  be 
experienced during transportation, s torage,  handling, and the mission,  will 
be cause fo r  positive corrective action and will require  complete quality 
review board (QRB) review. 
to determine whether QRB action is required.  

There a r e  three levels of 

Any failure during design proof tes t s ,  which 

Fa i lures  during off-limit t es t s  will be analyzed 

Fa i lures  experienced during qualification will be analyzed to determine 
the cause,  correct ive action, and the degree of requalification necessary .  
Fa i lu re s  occurring during any phase of qualification will be reported accord-  
ing to the following schedule: 

1.  Verbal notification within 24 hours  
0 

2 .  Written symptomatic report  within 5 days 

3 .  Final analyses and corrective action repor t s  within 15 days.  
Fa i lure  of a pyrotechnic device will be verbally reported to NASA 
within 24 hours . 

Requalification will be performed when: 

1. Design o r  manufacturing processes  a r e  changed to such an  extent 
that the original tes t s  a r e  invalidated. 

2 .  Inspection, tes t ,  o r  other data indicate that a m o r e  seve re  
environment or  operational condition exis ts  than that for which 
the equipment was originally qualified. 

3 .  It i s  jointly agreed upon between NAA/S&ID and NASA/MSC for 
purposes of sustaining a par t icular  level of effort at a subcon- 
t r ac to r ' s  o r  supplier 's  facility and/or  to provide additional 
engineering confidence in the capability of the hardware.  
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0 
The index which follows i s  a n  init ial  l i s t  to indicate t e s t  requirements  

on a subsystem bas is .  
mentation equipment and will provide a s su rance  that all equipment will be 
tes ted.  

This index will be expanded to include all ins t ru-  

A qualification testing summary  of instrumentation subsystems i s  
shown in  Tables  6-1, 6-2, 6-3, and 6-4. 
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Procurement  I Specification 

u 
List of CFE Instrumentation Tes t  I tems 

Subsystem 

ME 43 1-0024 
ME 90 1-033 9 

Remarks 

Ablation sensor  
Signal condition 

MC 43 1-0022 TEMPERATURE MEASUREMENT I SUBSYSTEM 

ME 431-0026 
ME 90 1-0332 

ME 265-0007 
ME 361-0004 
ME 361-0007 
ME 361-0008 
ME 161-0015 
ME 901-0338 

Char sensor  
Signal conditioner 

The r m o  coup1 e plug 
Thermocouple 
Thermocouple 
The r m o  c oupl e 
Ref e r ence junction 
Power supply - amplifier 

ME 432 -0088 

MC 431-0024 ABLATION MEASUREMENT 
SUBSYSTEM 

Sensor -calorimeter 

I MC 432-0082 RESISTANCE TEMPERATURE SENSOR 

ME 432-0082 
ME 432-0096 
ME 432-0097 

Surface element 
Probe  element (closed) 
Probe  element (open) 

To be added per  A revisior 

MC 478-0062 FLOW TRANSDUCER- 
VENTURI TYPE (To be added per  A revisior I 

I MC 901-0080 ACOUSTIC MEASUREMENT SUBSYSTEM 

I I ME 901-0080 I Measurement  system-acoustic 
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Procure me nt 
3p e cif i c atio n Sub sys  tem 

List of C F E  Instrumentation Tes t  I tems  (Cont) 

Remarks  

ME 449-0015 

MC 449-0005 

Transducer-mass flow 

ME 449-0054 
ME 449-0055 
M E  901-0288 
ME 901-0289 
ME 449-0005 
ME 449-0051 
ME 449-0052 
ME 449-0053 

ME 449-0020 
ME 449-009 1 

MC 449-0015 

Transducer -linear acceleration 
Transducer -linear accelerat ion 

STANDARD PRESSURE 
MEASURING SUBSYSTEM 

Differ entia1 
Absolute (male fitting) 
Signal conditioner (8-pin) 
Signal conditioner (6-pin) 
Absolute (with tubing) 
Absolute (female fitting) 
Absolute (flush sensor  only) 
Absolute (sensor  only) 

ME 449-0065 

MASS FLOW TRANSDUCER SUBSYSTEM 

To be added pe r  A revision 

MC 449-0021 STANDARD TEMPERATURE 
TRANSDUCER 

ME 449-0021 
ME 449-0029 
ME 449-0030 
ME 449-0032 
ME 449-0040 
ME 449-0034 
ME 449-0041 
ME 449-0050 
ME 901-0290 
ME 901-0291 
ME 449-0097 

MC 449-0065 

Transducer -temperature 
Surface element (only) 
Sur face element (only) 
Transducer - temperature  
Transducer-temperature 
Integral tubing 
Transducer -temper a ture  
Tr an s du c e r - tempe r atu r e 
Signal conditioner (8-pin) 
Signal conditioner (6-pin) 
Transducer -temperature 

FLOWMETER 
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?r ocurement 
jp e cification Subsystem 

N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION S Y S T E M S  DIVISION 

Remarks  

List of CFE instrumentation Tes t  I tems  (Cont) 

VlE 106-0015 
aE 411-0255 
M E  473-0036 

Accelerometer  
Cable 
Amplifier 

i4C 901-0112 VIBRATION MEASUREMENT SUBSYSTEMS 

M E  432-0089 
M E  432-0090 
M E  90 1-0320 

Strain gage (leads in tube) 
Strain gage (leads shielded) 
Signal conditioner 

blC 901-0114 STRESS MEASUREMENT SUBSYSTEM 

a E  901-0479 To be added p e r  A revision. . 

MC 901-0479 SIGNAL CONDITIONER (STRAIN GAGE) 

M E  431-0037 Sensor 
M E  431-0038 Sensor 
M E  473-0060 Signal conditioner 
M E  181-0076 Rack 

To be added p e r  A revision. 

M E  449-0064 

6-9 
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Procurement  
Sp e ci f i ca  ti o n Sub system Remarks  

MC 449-0070 PRESSURE MEASUREMENT SUBSYSTEM 

ME 449-0070 Transducer-pressure 

ME 473-0058 AMP L I F E R -  (To be added pe r  A revision. 
POWER SUPPLY (2-CHANNEL) 

ME 901-0254 SIGNAL (To be added pe r  A revision. 
CONDITIONING ASSEMBLY 

POWER SUPPLY REGULATOR DC 1 MC 464-0090 

N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

ME 464-0090 

L i s t  of CFE Instrumentation Tes t  I tems (Cont) 

Power supply To be added per  A revision. 

ME 476-0012 Reference junction To be added pe r  A revision. 

ME 470-0100 Sequencer 

6-10 

To be added pe r  A revision, 
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ME 432-0100 Water pH monitor 

V16-754000 Accessible 
V16-754002 Inaccessible 

To be  added pe r  A revis ion 

V14- 7 50 1 51 
V14-750 156 

To be  added pe r  A revision 



N O R T H  A M E R I C A N  A V I A T I O N ,  LNC. SPACE and INFORMATION SYSTEhiS DIVISION 

Lis t  of GFE Instrumentation Tes t  I tems 

NASA P a r t  No. 

5. 24. 1. 1. 1 
4. 15. 
4. 15. 
4. 15. 1. 1. 1 
3. 8. 2. 1. 1 
3. 1. 1.2.  1 
4. 5.2. 1. 3 
3. 5. 1. 1. 1 
5. 26. 1. 1. 1 
3. 8 .2 .2 .  1 
3. 1. 2 .4 .  1 
4. 5. 2.  1 . 4  
4. 1. 1 . 1 . 2  
4.2. 1. 1 .0  
4. 3. 1. 1 . 0  
ME 435-0026 
5.2. 1.1. 1 

Title 

Gas chromatograph 
Commutator 
PAM/FM/FM telemetry 
TM SC electronic  package 
9- channel modification package 
90 x 10 HL commutator 
FM t ransmi t te r  
5-point cal ibrator  
SM telemetry modification kit package 
15- channel modification package 
90 x 10 L L  commutator 
FM t ransmi t te r  
Receiver 
Re cor der  
Voltage regulator 
FQ tape r eco rde r  
Time code generator 

6-1 1 
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Temperature  Measurement Subsystem MC 431 -0022 
ME 901-0338, M E  161-0015, ME 265-0007, ME 361-0004, 

ME 361 -0007,8 

Installation Criticality 1 
Qualification Test Criticality 3 

Effectivity 

P r e -  contract  

Tes t  Conditions 

Development tes t s :  ME 265-0007 ( thermo- 
couple plug) conducted a t  Plasmadyne Corp. 
Hyperthermal  Facility and Rocketdyne 
Research  Center Rocket Engine Tes t  Facility 
NAA standard t e s t  points: (10) low (78 Btu/ft  / 
sec) ,  (8)  medium (475 Btu/f t2/sec) ,  (7 )  high 
(563 Btu/f t2/  sec) .  

i 

Design proof t e s t s :  ME 265-0007 ( thermo- 
couple plug) conducted a t  Plasmadyne 
Hyperthermal  Facility and Rocketdyne Resea rch  
Center,  Rocket Engine Tes t  Facil i ty (final 
repor t  completed). Tes t  resu l t s  ( tempera ture  
v s  t ime)  being analyzed on Rocketdyne Resea rch  
Center computer program.  
demonstrate  computer program can verify 
calibration of thermocouples in heat shield 
mater ia l .  NAA std tes t  points: (10) low 
(78 Btu / f t2 / sec) ,  (8) medium (475 Btu / f t2 / sec) ,  
( 7 )  high (563 Btu/f t2/sec) .  

Results to  date  

Composite t e s t  samples:  ME 265-0007 (heat 
shield and subs t ruc ture)  fabricated using AVCO 
and NAA/S&ID installation procedures .  W i l l  
be  subjected to  verification t e s t s  at Autonetics 
Division, NAA (-65 t 200 F and random 
vibration 10 to  2000 cps,  0. 008 g2/cps  to  
0. 06 g2/cps,  15 min in 3 mutually perpendiculai 
axes) .  

Complete t empera tu re  m e a  s u r  ement sys t ems  : 
will  be tes ted under combined vibration and 
tempera ture  with an equivalent sys tem pro-  
vided by a backup to ver i fy  bes t  accuracy and 
per formance  (-65 t 200 F and random vibration 
10 to 2000 cps,  0 .008  g2/cps  t o  0.06  g2/cps) .  

6-12 
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Effectivity 

BP-14, SC 006 

Tes t  Conditions 

Combined sensor  sample tes ts :  ME 265-0007 
thermocouple sensor  will be instal led with 
heat flux, p r e s s u r e ,  char ,  e t c . ,  to verify 
compatibility when subjected to hyperthermal  
environment ( reent ry)  NAA std test point 
(563 Btu / f t2 / sec) .  

Acceptance t e s t s  as noted. 

3C 008 

SC 011, 012, 017 

Block- II 

SC 009 

Qualification test: to A-level. (Refer to 
Qualification Tes ts .  ) Acceptance t e s t s  as  
noted. 
Off-limit t e s t  required.  

(Refer to Acceptance Tests .  ) 

Qualification test: to A-level. (Refer to 
Qualification Tes t s .  ) 

~ ~ ~~ ~~~ ~ ~~~ 

Qualification test: to C-level. (Refer to 
Qualification Tes t s .  ) Acceptance t e s t s  as 
noted. 
Off -l imit  te s t required.  

(Refer to acceptance t e s t s .  ) 

Qualification test: A-level. (Refer to  

(Refer to Acceptance Tests .  ) 
Qualification Tes ts .  ) Acceptance t e s t s  as 
noted. 

Levels Te st  Conditions 

Vibration-Sinusoidal sweep: 6 to 500 cps,  

Continuity-T/C and signal conditioner 

Pressure-2000 psig helium, 1 hr  ceramic  

Lead pull- 15*1 l b  ce ramic  insulation T /  C, 

Input-to-output isolation- 100 megohms at 

Voltage supply-28 VDCk4, 1. 5 t ransient  

5 min at 2g rrns. 

continuity. 

insulation T /  C. 

5*1/2 l b  T / C  plug assemblies .  

100 VDC signal conditioner. 

signal conditioner. 
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Levels 

B-level (includes 
C - level) 

~ 

A-level (include s 
B- and C-levels) 

Tes t  Conditions 
~ 

Shield continuity-Dis continuity check ce ramic  

Thermocouple material-0,  25, 50, 75 and 100% 

Tempera ture /  EMF- -Calibration 32, 2 12, 450 F; 

thermocouples. 

range special  l imi t .  

ce ramic  thermocouples. 

Temperature  cycling- -65 t 200 F i n  30 min, 
70 min soak. 

Vibration test-5 to 2000 cps a t  2g, 0 .  008g2/cp 
a t  10  cps to 0. 06 g2/cps  at  75 cps,  constant 
amp of 0. 06 gz / cps  f rom 75 to 2000 cps T / C ,  
reference junction, signal conditioner. 

Combination vibration and temperature-  same 
as above at -65 t 200 F - T / C ,  reference 
junction, signal conditioner. 

Combine tempera ture  and vibration- 60 h r  at  
-65 F ,  50 h r  a t  200 F, and 10 m m  Hg T / C  
reference junction signal conditioner. 

0.0002 dynes/crn2, T / C  reference junction 
and signal conditioner. 

E N - p e r  MC 999-0002. 

Acoustics-20 to 9600 cps a t  128 to 154 db, 

Off - Limit T e st s 

A minimum of ten units will be subjected to off-limit t e s t s  under simulated 

Requirements- Combined vibration, tempera ture ,  and overpressure :  
the same a s  for  the qualification tes t .  

r e  entry environment. 

Vibration: 
Temperature:  to be determined. 
Overpressure :  five t imes the ra ted  p r e s s u r e  applied on l inear  increased 

input o r  to 12,000 psia-whichever is  l e s s .  

Acceptance T e s t s  

Examination of product-Verify ma te r i a l s ,  design, dimensions,  

Loop res i s tance  and continuity te st-T/ C and signal conditioner continuity. 
Vibration-Sinusoidal sweep 6 to 500 cps,  5 min,  2g  r m s .  
Insulation resis tance-1.0 megohm a t  500 VDC between T / C  wi re  and 

workmanship. 

sheath. 
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- 
S C  009 flight a r t ic le  and arrangements are present ly  being completed with 
NASA/MSC to flight-test thermocouple plus assembly (ME 265-0007) on 
the scout tes t  vehicle. 

C A N  A V I A T  ON,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Accepta t s  (Cont) 

Temperature  v s  EMF output- Calibration at 32, 2 12, and 44Y F. 
P r e s s u r e  test-2000 psig helium 1 h r ,  sheath integrity. 
Pull test-13 lb  pull on T / C  wire  while retaining sheath. 
Input-to-output isolation test- 100 megohms at 100 VDC. 
Voltage supply test-28 VDC *4 transient 1. 5 ra ted voltage. 
Shielding discontinuity test-Discontinuity check on ce ramic  T /  C. 
Thermocouple mater ia l  test-0, 25, 50, 75 at 10070 range, special  l imit  

check. 

Laboratory Sy s tems 

The temperature  measurement  system is calibrated in  accordance with 
MA 0303-0046 which requi res  an accuracy of 0. 1%. 

Major Ground Test 
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Ablation Measurement Subsystem MC 431-0024 
ME 431-0024 and ME 901-0339 

Installation Criticality 1 
Qualification Test Criticality 3 

Effectivity 

? r e  -contract  

SC 009 

3C 011, 012,  and 
3 17 

Block I1 

Tes t  Conditions 

Evaluation tests:  functional and design 
verification t e s t s  in  rocket exhaust and p lasma 
a r c  (5000 F for 45 sec) .  

Acceptance tes ts :  

Range and resolution: seven s teps ,  with 

Insulation resis tance:  100 megohms at 

Input impedance: g rea t e r  than 500 ohms. 
Output impedance: l e s s  than 500 ohms. 
Output voltage test:  O(t0, -0 .  1) to 5(+0,  -0.  1) 

Vibrztion: 

examination of product to 
verify mater ia l s ,  dimensions,  weight, etc.  

each step *O. 010 inch. 

100 VDC, te rmina ls  to case.  

max signal 6 .  5 VDC. 

52 cps 0. 043 in  double amplitude, 52 to 2 kcps 
*6. 0 g (10 min) .  

Qualification tests: 
(Refer to Qualification Tes ts .  ) 

Calibration - 7 points. 
Off-limit t e s t  required 

5 to  27. 5 cps  *l. 56 g, 27.  5 to 

pe r  C- and B-levels.  

~~~ ~ 

Acceptance tes ts :  

Qualification tests: per  C-, B- ,  and A-levels. 

Calibration: 7 points. 
Off - l imit  t e  st required.  

Same qualification level  as for SC 011. 

s a m e  as acceptance t e s t s  
for SC 009. 

(Refer to Qualification Tests .  ) 
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Qualification Tes ts  

Levels 

C- leve 1 

B-level (includes 
C- lev el) 

A-level (includes 
B- and C-levels) 

Te s t Conditions 

Examination of product- To verify mater ia l s ,  

Resolution-To verify sensor;  can measure 

Insulation resis tance-  100 megohms a t  100 VDC 

Input impedance-500 ohms min. 
Output impedance - 500 ohms max. 
Voltage test-Output 0 ( t o .  1, - 0 . 0 )  to 5 ( t O . 0 ,  

weight, dimensions, etc. 

ablation to within 0. 1 inch. 

terminals to case.  

-0. 1) VDC and 6. 5 VDC. 

High and low temperature-  -65 to t200 F 
(50 h r  each tempera ture)  and 1 x 
of Hg. 

mm 

Shock-30 g, 11 msec  r i s e ,  1 m s e c  fall. 
Acceleration-20 g for 5 min. 
Temperature and vibration-Resonant s ea rch  

5 to 2000 cps; random vibration a t  200 F; 
15 min each axis,  10 to 75 cps,  0 .01  to 
0 .06  g2/cps ;  75 to 400 cps,  0. 06 to 0. 013 
g2 /  cps. 

Thermal shock-Signal condition only, 5 shocks, 
65 to t 2 0 0  F (15 s e c  each).  

Acoustic noise-11.2 to 11.2 kcps,  160 db 
overall ,  5 min duration. 

EMI-Conducted interference,  radiated 
interference , A F  conducted, transient 
conducted, R F  radiated,  A F  induced p e r  
MC 999-0002. 

0 ff - Li mi t Te s t s 
I 
A minimum of ten units will be subjected to off-limit t es t s  under simulated 

Requirements- Combined vibration, temperature ,  and over -pres  sure: 
the same a s  fo r  the qualification test .  

r e  entry environment. 

Vibration: 
Temperature:  to be determined. 
Overpressure :  five t imes the rated p r e s s u r e  applied as l inear  increased 

input o r  to 12,000 psia-whichever is l e s s .  

SID 64-2061 
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Laboratory Sy s terns 

DIVISION 

- 

Calibration: 7 points; 1. 670 tolerance.  

Major Ground Tes ts  

None. I 
Flight Vehicle s 

> 

SC 009: flight data evaluation required before flight of SC 011, 012,  and 
0 17. 

* 
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Char Measurement Subsystem MC 431-0026 
ME 431-0026, ME 901-0332 

Installation Criticality 1 
Qualification Test Criticality 3 

Effectivity 

Pre-cont rac t  

SC 009 

sc 012 

Block I1 

I 

I Levels  

C - l eve l  

B-level  (includes 
C -level)  

Te s t Conditions 
~ _ _  ~~ ~ 

Performance and design proof tests in rocket  
exhaust and p lasma arc. 

__ 

Qualification t e s t s  per  C- and B-levels. 

Acceptance t e s t s  pr ior  to delivery same as 
(Refer to Qualification 

(Refer 
to Qualification Tes ts .  ) 

for C-level tests. 
Tests.  ) 

Calibration - 7 points. 
Off-limit t e s t  required.  

Qualification t e s t s  pe r  C-, B-, and A-levels 
(Refer to Qualification Tes t s ,  ) 

Acceptance t e s t s  pe r  C-level (Refer to 
Qualification Tes t s .  ) 

Calibration: 7 points. 
Off - limit te st required.  

Same qualification level  as for  SC 012. 

Qualification Tes t s  

Tes t  Conditions 

Examination of product-To verify weight, 

Insulation resis tance-  100 megohms a t  50 VDC 

Input impedance-500 ohms min. 
Isolation resistance-100 megohms a t  50 vdc 

Range and r e  solution-each step to *O. 0 1 inch. 
Linearity-*Z% f rom a straight line thru  end 

dimensions, mater ia l s ,  etc. 

(pins to  case) .  

(input to output), 

points. 
4 High and low tempera ture  in vacuum-1 x 10- 

mm of Hg; 50 h r  a t  200 F; 50 h r  at -65 F. 
~~~ ~~~ 
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~ 

Test  Conditions 

Shock-30 g, 11 m s e c  r i s e ,  1 m s e c  decay. 
Acceleration test-*20 g for  5 min. 
Vibration and high temperature-  resonant 

s ea rch  5 to  2000 cps;  random vibration a t  
200 F (5  min),  0.0025 g2 /cps  to  0.015 g2 cps;  
10 to 60 cps;  constant 0.015 g2/cps ;  60 to400 
cps, decrease  0. 015 g2/cps  to  0.003 g2/cps,  
400 to  2000 cps. 

The rma l  shock-Signal conditioner only, 
5 shocks -65 to  t200 F within 15 sec .  

Acoustic noise-1 1. 2 to 11. 2k cps;  157 db 
overall ,  5 minutes. 

EMI-Sus ceptibility, conducted susceptibility 
(power line), t ransient  conduction, radio- 
frequency radiated, audio frequency induced 
p e r  MC 999-0002. 

Leakage-34 x c c / h r  ( m a s s  spec t rometer  
method). 

Calibration; 
a l l  causes .  

Off - Limit Tes ts  

7 points, m a x  e r r o r  A270 F / S  

A minimum of ten units will be subjected to off-l imit  t e s t s  under simulated 

Requirements- Combined vibration, tempera ture ,  and overpressure :  
reent ry  environment. 

Vibration: 
Temperature:  To be determined. 
Overpressure:  

The same  as for the qualification tes t .  

Five t imes  the rated p r e s s u r e  applied as l inear  increased  
input or to 12, 000 psia-whichever is less .  

Major Ground T e s t s  

None. I 
Flight Vehicles 

SC 009: 
to further verify subsequent flight usage. 

will provide operational compatibility flight data will be evaluated 
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I 

Combining high temperature  and vibration-Stabilized at 800 F, vibrated 
random 45 min, l inear increase f rom 0. 01 g2 /cps  at  10 cps to 0 . 7  g2 /cps  
at 100 cps;  constant a t  0. 7 g2/cps f rom 100 cps to 500 cps; l inear  decrease 
to 0. 156 g2 /cps  a t  2000 cps. _-. 

Surface Heat Flux Measurement Subsystem MC 432 -0088 
ME 432-0088 

Installation Criticality 1 
Qualification Test Criticality 3 

Effectivity 

? r e  -contract  

SC 009, 011, 012, 
rnd 017 

31ock I1 

Test Conditions 

Evaluation tests:  
A functional tes t  is conducted under simulated 

reentry heating environments in  rocket  engine 
exhaust to confirm and establish basic  
concept. 

simulated reent ry  environments, providing 
thermal charac te r i s t ics  of s ele cte d r efr actory 
mater ia ls ,  a r c  jet ,  and rocket engine exhaust 
at  Rocketdyne and Aerospace. 

A computer program is conducted to determine 
the behavior of severa l  instrument designs 
under simulated reent ry  heating environments 
a s  defined by Apollo mission t ra jec tor ies .  

A simulated reent ry  heating composite tes t  is 
performed to determine the compatibility of 
the instrument  with ablator heat shield 
mater ia l .  
tests a r e  conducted. 

Design verification tests:  

Material evaluation t e s t s  a r e  conducted under 

Rocket engine exhaust and a r c  je t  

Tests a r e  conducted to determine the capability 
of the instrument to meet the requirements  
of the measurement.  

Refer to Acceptance Tes t s  and Qualification 
Tests.  

Qualification t e s t s  same as for SC 009 and 011. 

Qualification Te s ts 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE Hnd INFORMATION S Y S T E h l S  IIIVISION 

Qualification Tes t s  (Cont) 

Acoustics-5 min, 11.2 to 11,200 cps,  143 to 118 db (0 .0002 dynes/cmZ) 
Acceleration-20 g max,  3 axes,  5 min in each direction. 
Mechanical shock-30 g for 11*1 msec ,  3 axes. 
Tempera ture  and vacuum-50 hr  at -65 F 10 mm Hg; 50 h r  a t  + Z O O  F 

10-6 m m  Hg. 

Off - Limit T e st s 

A minimum of ten units will  be subjected to off-limit t e s t s  under simulated 

Requirements - Combined vibration, temperature ,  and overpr  e ssure:  
r e  entry environment. 

Vibration: 
Temperature  : r o cket engine exhau s t ,  
Overpressure :  

the same a s  for  the qualification tes t .  

Five t imes  the ra ted  p r e s s u r e  applied in  l inear  input o r  
to 12, 000 psia- whichever is l e s s .  

Acceptance Tes t s  

Examination of product-Verification of mater ia l ,  construction, dimensions 

Insulation resistance-Between pin and case 100 megohms a t  50 VDC *lOo/oo .  
Output impedance-No grea te r  than 500 ohms into a 150-kilohm load. 
Linearity-Max deviation *I570 full scale.  
Repeatability-Max deviation f 10% full scale.  

workmanship. 

Laboratory Systems 

Breadboards,  calibrations: A three -point calibration i s  conducted to 
determine the EMF vs  the tempera ture  curve for the sensor  element,  to 
f 1570 full- scale.  

Major Ground Tes ts  

Composite tes t  models including sensor ,  heat shield, and substructure  will 
be tested in a hyperthermal testing facility. - 

Fli g h t Ve hi c 1 e s 

I SC 009 i s  f i r s t  usage and supports subsequent flight vehicles .  I 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

Standard P r e s s u r e  Measuring Subsystem MC 449-0005 
ME 449-0055, ME 449-0054, ME 449-0053, M E  449-0052, 

ME 449-0051, ME 901-0289, ME 901-0288 

Criticality 1 

Effectivity 

'r e - contract 

Test  Conditions 

Evaluation tests: 
Vibration: 25 g r m s  to 2 kc random; 

0 . 5  g2/cps combined with 25 g (peak) 
sinusoidal. 

or l e s s .  

for 4 h r s .  

Thermal  shock: 

Thermal  stability: 

Vacuum: 1 x m m  of Hg for 14 days.  
Acoustics: 162 db overall,  to 10 kc for 

Mechanical shock: 30 g for 11 m s e c  f 1 msec .  
Acceleration: 2 0  g (10 min 2e r  ax i s ) .  
Hysteresis ,  l inearity,  and repeatability: 

11-point calibration, 3 complete loops. 
Voltage regulation: 90% full-scale p re s su re  

applied; input voltage of 28 VDC varied 
*4 v in  increments  5 volts; plot input vs 
output . 

Output signal to noise ratio: nominal exci- 
tation voltage applied and white noise of 
250 mv (peak-to-peak) at 0 to 10 kc inser ted  
into excitation voltage. 

Output loading effect and output impedance: 
apply full-scale pressure ;  1 megohm in 10 
equal steps;  open circui t  voltage taken to 
compute output impedance. 

and ambient p re s su res  applied for a s  long 
a s  24 h r .  

Input/output isolation: high and low of input 
shorted together; high and low of output 
shorted together; res i s tance  of these two 
connections to be checked. 

-65 to 200 F change in 70 s e c  

-65 F for 4 h r s ;  t 2 0 0  F 

15 min. 

Stability: 2570, l0Ov0 full-scale p re s su res  
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Effectivity 

3C 001,  006, and 008 
B P -  14 

~~ 

SC 009 

SC 011, 012 and 
0 17 

Block I1 

~ 

Levels  

C-level 

~~ 

Test Condition 

Insulation test:  insulation res i s tance  checked 
between al l  connector pins and specimen case;  
50 VDC to be applied for this  tes t .  

Acceptance tes t s  on qualification par ts :  
formed before and after each level of 
qualification testing. 

Qualification testing: C-level (Refer to 
Qualification Tes ts .  ) 

Acceptance t e s t  on production par t s :  
to Acceptance Tests.  ) 

Off-limit tes t  required.  

Acceptance tes t  on qualification par t s :  per  - 

per  - 

(Refer 

formed before and after each level  of 
qualification te sting. 

Qualification testing B-level: r e f e r  to 
Qualification Tes ts .  

Acceptance t e s t  on production par ts :  
Qualification Tes ts .  

Off-limit t es t  required.  

re fer  to 

Acceptance t e s t  on qualification par t s :  
performed before and af ter  each level of 
qualification te sting. 

Qualification Tes t s .  

Acceptance Tests .  

Qualification testing A-level: r e f e r  to 

Acceptance t e s t  on production par ts :  

Off-limit t e s t  required.  

Qualification t e s t s  to A-level same a s  fo r  SC 01 

re fer  to 

Qualification Tes ts  

Test  Conditions 

Vibration 
Sinusoidal-resonant search;  3 axes ,  

10 minutes per  axes .  
f rom 5 cps to 2 kcps.  

3 axes,  15 minutes pe r  axes .  Spectrum 
density; l inear i nc rease  f rom 0.  02 g2/cps  a t  
5 cps to 0 . 3  g2/cps  at  100 cps,  0 . 3  g2 /cps  at 
100 cps constant to 2000 CPS. 

Constant sweep of 2 g 

Random-25 g r m s  0. 3 g2 /cps  max. 

Acoustic-37. 5 to 9. 6 kc  a t  116 to  158 
( + 3 ,  -0) db. 
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Levels 

B -level (includes 
C-level)  

A-level (includes B- 
and C-levels) 

Tes t  Conditions 

High temperature-Ambient to 200 F in 20 min; 

Low temperature-Ambient to -65 F in 20 min; 
200 F for 90 min. 

-65 F for 90 min. 

Acceleration-20 g,  300 sec,  eachdi rec t ion3  axes 
Mechanical shock-30 g in  3 axes,  each direction 

11 m s e c  r i s e  time; 1 msec  delay time. 
Combined temperature  and vibration-200 F 

for 15 min; -65 F for 15 min each ax is .  
Propellant compatibility- 50/50 UDMH and 

hydrazine +80 F for 24 h r ;  N2O4 a t  t 5 5  F 
for 24 h r .  

small a m t  of N2O4. 
Gaseous oxidizer-t70 F relat ive humidity 8070, 

Vacuum-1 x 10-6 m m  Hg, 336 h r ,  100 h r  

Combined high and low temperature  in 
specimen operating. 

vacuum-1 x 10-6 mm Hg, 100 hr:  50 hr  a t  
-65 F, 50 h r  a t  t 2 0 0  F. 

Leakage-34 x cm3/f t3 /hr  max. 

Salt fog-per Mil-Std-810 for 48 h r .  
Oxygen-humidity: pe r  Mil-Std-810 for  240 hr. 

EMI-MC 999-0002. 

Off - Limit Te st  s 

A minimum of three units will be subjected to off-limit t e s t s  under 
simulated flight environment. 

I 

Requir ement s - Combined vibr ation, temper atur e, and overpr  e s s u r  e : 
the same as for  the qualification test. Vibration: 

Temperature:-65 F and a t  t200 F. 
Overpressure :  five t imes the rated p r e s s u r e  applied a s  l inear increased 

input o r  to 12,000 psia-whichever i s  l ess .  

Acceptance Tes t s  

Examination of product-Verify mater ia ls ,  design, construction, dimen- 

Insulation resis tance-  100 VDC between each connector pin and case  for 

Input-to-output isolation-Input leads shorted together and output leads 

sions, and markings.  

2 min; res i s tance  to be grea te r  than 100 megohms. 

shorted together; with 100 VDC a c r o s s  these 2 connectors, res is tance 
to  be  grea te r  than 100 megohms. 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORXL4TION SYSTEMS DIVISION 

J 

SC 009 is  f i r s t  flight usage,  

W 
Acceptance Tes ts  (Cont) 

Noise feedback test-With 28 VDC provided to specimen, r eco rd  peak-to- 
peak voltage level indicated on oscil loscope. 
20-kc low-pass fi l ter  before being displayed on scope. Noise voltage 
level not to exceed 10 m v  peak-to-peak to 20  kc.  

voltage var ied  f rom 24 to 32 VDC, output readings not to vary more  
than * l O  m VDC. 

recorded and not to exceed 56 m a .  

to exceed 10 mv peak-to-peak to 10 kc.  

repeatability; end points established; hys te res i s  and l inearity established. 

t 2 0 0  F and stabilized for 45 min in each environment. Ze ro  and full sca le  
p r e s s u r e s  to be applied in  each tempera ture  range ,  
such as  z e r o  and sensitivity shift to $e computed by comparison with 
ambient tempera ture .  

peak a.cceleration level of 1.  56 g;  f r o m  2 7 . 5  cps to 52.0 cps constant 
peak-to-peak displacement level of 0.043 -inch double amplitude f rom 
52. 0 cps to 2000 cps constant peak-to-peak acceleration level of 6 g ;  
f rom 2000 cps to 52.0 cps constant peak-to-peak accelerat ion level of 

~ 6 g; f rom 52.0 cps to 27 .5  cps constant peak-to-peak displacement level 
of 0. 043-inch double amplitude. 
acceleration level of 1.56 g. 

The signal i s  passed through 

Output regulation test-Specimen pressur ized  to 50% full- scale;  with input 

Input cur ren t  test-With 28 VDC applied to specimen, input cu r ren t  to be 

Output noise test-28 VDC to specimen, output indicated on oscilloscope not 

Calibration-7 points, increasing and decreasing, 2 loops; establishes 

Temperature  test-28 VDC supplied to specimen exposed to -65 F and 

Tempera ture  effects 

Vibration-Sinusoidal vibration test:  7 cps to 27. 5 cps constant peak-to- 

27. 5 to 7 cps constant peak-to-peak 
Time duration 10  minutes. 

Laboratory Systems 

Calibration: per NAA MA0204-0104. 1 

I I 
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Mass Flow Transducer Subsystem MC 449-0015 
ME 449-0015 

Criticality 1 

Ef f e ctivity 

Pr e- contract  

sc 001 

BP-14 

SC 006 and 008 

SC 011, 012 and 
subsequent 

Block I1 

Test  Conditions 

Analytical investigation of different types of 
flow measurement  instruments  performed.  
Thermal  type mass flow transducer  chosen 
a s  method to satisfy par t icular  flow measure-  
ment in  question. 
hardware performed.  

No evaluation testing of 

Prequalified pa r t s  installed on SC. Acceptance 
tes ts  performed on p a r t s .  
tolerances of output voltage tes t  and tempera-  
ture  sensitivity requirements  waived. 

End point 

Prequalified pa r t s  used.  Acceptance tes t s  
performed on units.  
undergoing tes t s  in  EDL. ) 

(BP-14 fuel cells  a r e  

Units passing C-level t e s t  to be used. 

Units to pass  acceptance tes ts .  (Refer to 

Off-limit t e s t s  required.  

Units passing A-level qualification tes t s  to be 

Units to pass  acceptance tests:  

Off-limit t es t s  required.  

(Refer 
to  Qualification Tes t s .  ) 

Acceptance Tes t .  ) 

used. 

SC 006 and 008. 

(Refer to  Qualification Tes t s .  ) 
same  as for  

A-level-qualified p a r t s  to  be used. (Same a s  
fo r  SC 012. ) 
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Qualification Tes ts  (MC 449-0015) 

Levels 

C-level 

B-level (includes 
C -le ve 1) 

A-level (includes B-  
and C - leve 1s) 

T e s t Conditions 

Vibration-Resonant s ea rch  5 to 2000 cps at 
0. 5 inches double amplitude or  3 g max. 

Random-Linear increase  f rom 0.0083 g2 /cps  
a t  20 cps to 0. 04 g2/cps a t  100 cps. Constant 
a t  0. 04 g2/cps  f rom 100 cps to 2000 cps.  

Acoustics-11. 2 cps to 1 1 , 2 0 0  cps  at 134 db, 
5 min. 

EMI-Test to MC 999-0002 
Hig h-low te mpe ra tur  e in vacuum -Ambient to 

-65 F a t  1 x 10-6 mrn Hg in 2 h r ;  -65 F a t  
1 x m m  Hg for 50 hrs ;  -65 F at 10-6 m m  
Hg to t 2 0 0  F a t  10-4 m m  Hg in 2 h r ;  t200 F a t  
10-4 mm Hg for 50 h r s .  

Mechanical shock-30 g; 11*1 msec ,  1 msec  
decay, each direct ion 3 axes.  

Acceleration-20 g f o r  5 min  in each direction 
a t  3 axes.  

High temperature  and vibration-Vibration t e s t  
(random) descr ibed in C-level except t r ans -  
ducer a t  200 F. 

High and low temperature:  of medium ca l ibra-  
tion of t ransducer  with medium at -125 F and 
t l O O  F for Class  A t ransducers  and -175 F 
and t l O O  F for Class  B t ransducers .  

-65 F to f 2 0 0  F in  2 . 5  min. 
Thermal  shock-Temperature change f rom 

Off- Limit Tests  

A minimum of three units will be subjected to off-limit t e s t s  under simulatec 

Requirements - Combined vibration, tempera ture ,  and overpre s sure:  
flight envir o nm ent . 

Vibration: 
Temperature:  -65 and a t  t 2 0 0  F. 
Overpressure:  

The same a s  fo r  the qualification tes t .  

Five t imes the rated p r e s s u r e  applied as  l inear  increased  
input o r  to 12,000 psia-whichever is  l e s s .  
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Acceptance T e s t s  

Examination of product-Check physical configuration for compliance with 

Insulation resis tance-  Check to insure that res i s tance  betwe en te rmina ls  A, 

Isolation resis tance-Test  to insure that isolation res i s tance  between power 

Input current-Check to insure  that cu r ren t  drain does not exceed 100 ma. 
Noise feedback-Test to insure  that noise feedback to power source does 

not exceed 10 m v  peak-to-peak to 20 kc .  
Output voltage-Check end points 0 . 0  ( t o .  1, -0 .0)  to 5 . 0  ( t o .  0, -0. 1) and 

verify that output noise does not exceed 10 m v  peak-to-peak to 10 kc.  
Voltage regulation-Test to insure that output changes by l e s s  than 10 mv 

when input power va r i e s  f rom 24 to 32 VDC. 
Repeatability and hysteresis-Test  to insure  that hys te res i s  and repeatabil i t)  

e r r o r s  do not exceed 170 of full scale .  
Proof pressure-Test  to insure that calibration does not shift af ter  applica- 

tion of 2 x operating p r e s s u r e .  
Acceptance vibration-Apply 0.  5 inch double amplitude o r  6 g max vibration 

f rom 5 to 2000 cps in  3 axes .  
High and low temperature-Check for thermal  drift  by exposing t ransducer  

to tempera tures  f rom ambient to t200  F, to -65 F,and back to ambient in  
6 h r .  Drift l e s s  than 0.0Zy0 of ful l  scale  per  degree F.  

SCD. 

B, C, D, and F exceeds 100 megohms at 50 VDC. 

and signal leads  exceeds 100 megohms at 50 VDC. 

Laboratory System 

Calibration: the t ransducer  i s  to be given a n  11 point calibration at NAA. 
Calibration points a r e  to  be  at 10% increments  of full scale .  
the calibration curve may vary  from the s tandard calibration curve by 
m o r e  than 1. 570 of full-scale output. 

No point on 

Ground T e s t s  

Transducers  installed in  laboratory fuel cell  t e s t  setup for functional tes t s  
i n  simulated spacecraf t  operation condictions . 

B P -  14: t ransducers  installed for functional t e s t s  and for  systems compati- 
bil i ty t e s t s .  

SC 00 1: t ransducers  installed for dynamic t e s t s .  
SC 006 and 008: t ransducers  installed for functional tes t s  during simulated 

space environments. 

Flight Vehicles 

SC 011 is first usage.  

6-29 
SlD 64-2061 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INPOHILIATION S Y S T E h l S  DIVISION 

Linear Acceleration Transducer  MC 449-0020 
ME 449-0020 

Criticality 3 

Tes t  Conditions 

Evaluation tests:  
Vibration: random 0.  5 g2 /cps  combined with 

25 g (peak) sinusoidal for  15 min/ax is .  
Thermal  shock: change in 70 sec  f rom -65 F 

to 200 F. 
Thermal  stability: -65 F for  4 h r  and t200  F 

fo r  4 h r .  
Shock: 30 g (peak) 11*1 m s ,  1 / 2  sine wave in 

each axis. 
Acceleration: 20 g static for  10 min pe r  axis. 
Acoustic: 

for  15 min. 
Altitude: 
Voltage regulation: 28*4 VDC. 
Stability: 
Insulation and isolation res i s tance  tes t :  

Power consumption: 

Gain stability: 
Hysteresis ,  l inear i ty  and repeatability: t r a n s  - 

152 db  overal l  f rom 5 to  9600 cps 

m m  of Hg for  14 days. 

output vs t i m e  for  24 h r .  
100 

megohms at 100 VDC. 

load of 25 k to 1 megohm. 
f rom 24 to 32 VDC into a 

f rom 24 to  32 VDC. 

ducer  calibration check. 

Acceptance testing for  C-level qualification t e s t  

check for  compliance 
i tems .  

with SCD. 

res i s tance  b / T  te rmina ls  and Ease  ground; 
100  megohms at 100 VDC. 

res i s tance  b / T  power and signal te rmina ls  
100  megohms at 100 VDC. 

( l e s s  than 64 ma at 32 v). 

Examination of product: 

Insulation res i s tance  tes t :  check for insulation 

Isolation res i s tance  tes t :  check for isolation 

Input cur ren t  tes t :  check fo r  power consumptio 
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Ef f e c t ivit y 

BP-14 and SC 006 (Cont 

3C 009 

sc 012 

Test Conditions 
~ ~ ~~~~ ~~~~~ 

Output noise tes t :  

Nonlinearity, hys te res i s ,  and repeatability: 

Frequency response: check for t ransducer  

check for  signal output noisc 
( less  than 20 m v  peak-to-peak. 

transducer calibration. 

frequency response.  
Qualification testing C -level 

Vibration: random 0. 3g2/cps,  15 min per  axis  
Acoustics: 159 db overall  f rom 11.2 to 11,200 

High and low temperature:  

EMI: electromagnetic interface t e s t  per  

cps for 5 min. 

t 2 0 0  F for  4 h r .  
-65 F for 4 h r  and 

MC 999-0002. 
Acceptance testing for production i tems:  s ame  

acceptance testings a s  used for qualification 
tes t  i t ems ,  plus the following: 

-65 F for  1 h r  and t 2 0 0  F 
for 1 hr .  

0. 036 in double amplitude from 
5 to 52 cps and 5 g (peak) f rom 52 to 2 k cps.  

Temperature  test:  

Vibration test:  

In-house calibration 
Transducers  to  be calibrated per  NAA 

Linearity, hys te res i s  , r epeatabilitv, and 
specification MA03 04 - 0 02 3 ,  

frequency response.  

Qualification testing B -level 
Shock: 0 g (peak) 11*1 ms ,  1 /2  sine for  each 

Acceleration: 30 g s ta t ic  for  5 min in  each 

High and low tempera ture  during vibration: 

axis. 

direction of 3 axes.  

random 0. 3 g2/cps ,  f rom 5 cps to 2000 cps 
for 15 min pe r  axis, a t  -65 F and at t200 F. 

same  
t e s t  as used  for C-level 

C-level. 

Acceptance testing for production i tems: 

In-House Calibration: same calibration a s  in 

Qualification testing A-level 
Vacuum testing: 
High and low tempera ture  in vacuum: 

10-6 mm of Hg for 100 h r .  
10-6 mrr 

of Hg fo r  50 h r  each at -65 F and t200  F. 
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Effectivity 

SC 012 (Cont) 

3lock 11 

Test Conditions 

Salt fog test: t e s t  per  Mil-Std-810 for  48 hr .  
Oxygen-humidity test:  t e s t  per  Mil-Std-810 
for 240 hr .  

t e s t  a s  used for  C-level. 

C -level. 

Acceptance testing for  production i tems:  

In-house Calibration: 

s ame  

same calibration a s  in 

~- 

Qualification level will be A-level-same a s  for  
sc 012. 
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Standard Temperature  Transducer  Subsystem MC 449-002 1 
ME 901-0291, ME 449-0034, 
ME 449-0030, ME 449-0029, 
ME 449-0050, ME 901-0290 

ME 901-0047 

Criticality 1 

Effectivity 

're -contract  

;c 001 

Test  Conditions 

Evaluation t e  st s: 
Vibration: 25 g r m s  to 2 kc random; 0.5 gz /cps  

combined with 25 g (peak) sinusoidal; 30 min 
each axis.  

o r  l e s s .  

for 4 hr .  

Thermal  shock: 

Thermal  stability: 

Vacuum: 
Acoustics: 162 db overall  to 10 kc 15 min. 
Mechanical shock: 30 g,  11 ms *l ms, each 

Acceleration: 2 0  g, 10 min, each axis.  
Hysteresis  : 
Linearity: 
Repeatability: 6 -pt calibration, 3 runs.  
Voltage regulation: * l O  mVDC max, 28*4 VDC. 
Output noise: * l O  mVDC to 10 kc. 
Signal load and output Z: 

Input/output isolation: 
Insulation resis tance:  

-65 to t200 F change in 70 sec  

-65 F for  4 h r s ;  t200  F 

1 x 10-6 mm Hg for  14 days. 

axis. 

signal load f rom 50 k 

100 megohms at 100 VDC 
pin to  case  100 megohms 

to  1 megohm. 

a t  100 VDC. 

Acceptance t e s t s  on qualification par ts :  
performed before and af ter  each phase of 
qualification testing. (Refer to Acceptance 
Tests .  ) 

Qualification Tests.  ) 
Qualification tes ts :  C-level. (Refer to 

N A A  calibration: MA0204 -0 11 6. 
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E f f e c t ivit y 

SC 009 

SC 012 and Subsequent 

1 Block I1 

0 Test  Conditions 

Acceptance t e s t s  on qualification par t s .  
Qualification tes t s :  B-level. 
NAA calibration: MA0204- 0 11 6. 
Off-limit t e s t s  required a s  noted. 

Acceptance t e s t s  on qualification par t s .  
Qualification tes t s :  A-level 
NAA calibration: 
Off-limit t e s t s  required a s  noted. 

Same a s  for  SC 012 A-level equipment. 

MA0204- 0 11 6. 

~~ 

Levels  

Z -level 

B -level (includes 
2 -level) 

A-level (include s 
B- and C-level)  

Tes t  Conditions 

Vibration-Resonant search:  5 to 2 cps,  2 g, 

Random-24 g r m s  (0.3 g2/cps max). 
Acoustic-37.5 to 9 . 6  kc; 160 db overal l  
High temperatures-Ambient to + Z O O  F in 20 min; 

t200 F for  90 min. 
Low temperature-Ambient to -65 F in 20 min; 

-65 F for  90 min. 

th ree  axes. 

Acceleration-20 g ,  300 seconds,  each  

Mechanical shock-30 g 11 m s e c  r i s e  t ime,  
direction in 3 axes. 

1 msec  decay t ime,  each direction in 
3 axes.  

4 . 4 . 6  and + Z O O  F, 1 5  min; -65 F, 15 min. 

hydrazine 8 0  F f o r  24 h r ,  N 2 0 4  55 F for 24 h r .  

gaseous N204.  

Combined temperature  and vibration-Paragr aph 

Propellant compatibility-50/50 UDMH and 

Gaseous oxidizer-70 F, re1 humidity 80% 

Vacuum-1 x m m  Hg, 336 h r ,  100 h r  
specimen operation. 

Combined high and low tempera ture  in vacuum- 
1 x l o q 6  m m  Hg -100 h r  totar. 50 h r  a t  -65 F, 
50 h r  a t  t200 F. 

Leakage-34 x crn3/hr max. 
EMI-Per MC 999-0002. 
Salt fog: per Mil-Std -810 for 48 h r .  
Oxygen-humidity; p e r  Mil-Std -810 for  240 hr .  
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Off-Limit Tests:: 

- 
SC 001: Usage will provide compatibility and operational performance data. 

A 

A minimum of three units will be subjected to off-limit tes ts  under 
s imula te d flight environment. 

- 
SC 009:  Evaluation of equipment operation and data will be used to verify 

fur ther  usage for subsequent flight vehicles. 

Requirements-Combined vibration, temperature ,  and overpressure :  
Vibration: 
Temperature:  
Overpressure:  

The same as for  the qualification tes t .  
-65 F and a t  t200 F. 
5 t imes  the rated p res su re  applied a s  l inear  
increased input o r  to 12,000 psia-whichever 
i s  l e s s .  

::Effective on ME 449-0050 and ME 901-0097, only. 

Acceptance Tes t s  
_ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ ~  

Examination of product -Verification of mater ia l s ,  design, construction, 

Insulation resistance-Pin to case: 100 megohm; o r  g rea t e r  a t  100 VDC. 
Input-to-output insulation-Input-to-output: 

Noise feedback-10 m v  peak-to-peak Max, to 20 kc. 
Output regulation-24 to 32 VDC input regulated to *10 mVDC output. 
Input current-56 ma  max. 
Output noise-10 mv peak-to-peak max, to 10 kc. 
Calibration-6 points, 0 to 100% ful l -scale ,  two runs.  
Tempera ture  environment-45 min at + Z O O  F, 45 min at  -65 F. 
Vibration-6 g sine f o r  5 min each axis.  

dimensions, and markings,  

res is tance 100 megohm o r  
g rea t e r  a t  100 VDC. 

Laboratory Systems 

ICalibration: *370 of best  fit straight line repeatable * O .  2% full-scale.  1 



N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

Acoustic Measurement Subsystems MC 90 1 -0080 
ME 901-0080 

Criticality 3 

E ff  e c t i  vi t y 

Pr e -contract 

SC 0 0 9  

Test Conditions 

Developmental: high and low tempera ture  were  
conducted by the supplier to establish basic 
pa rame te r s  such a s  microphone diaphragm 
tension and diaphragm to backplate spacing. 

Evaluation t e s t s :  
Examination of product: inspect for mater ia l s ,  

design, construction, weight, dimensions, 
etc. 

Insulation resis tance:  measu re  100 megohms 
or more  between each te rmina l  and case.  

Isolation res i s tance :  m e a s u r e  100 megohms 
or  m o r e  between power -in and signal-out. 

Power consumption: 
sys tem i s  to  be l e s s  than 2.  5-w. 

Output voltage: 
full-scale sound input to be 5 v peak-to-peak 
*O. 3 db. 

Linearity: 
max to scale  min and corresponding output 
voltage --ax deviation f r o m  best  straight 
line not to  exceed 0. 5 db. 

Frequency response:  r eco rd  output voltage 
vs frequency a t  100 db. 

SPL: 
10 cps to 10 kcps. 

input power of operating 

measu re  output voltage with 

r eco rd  input sound f rom scale  

response  curve to be a flat *l db f r o m  

Qualification testing: -level. (Refer to 
Qualification Tes ts .  ) 

Acceptance tes t :  all pre-qualification 
acceptance t e s t  plus the following: 

Temperature:  Conduct above frequency 
response t e s t  a t  140 F and again a t  40 F. 
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I SC 012 and subsequent 

Levels 

2 -level 

B-level (includes 
S -level)  

~ ~~~ 

Vibration: measu re  t 2 .  5 * O .  05 VDC bias  

0.036 i n  
voltage output with no input while running 
the following vibration profile: 
double amplitude, 5 t o  52 cps and 5 g peak 
52 to 2000 cps,  10 min sweep in  most  
sensitive axis. 

calibration tes t  to be l inear i ty  
test  a s  a l ready  stated.  

Calibration: 

~~~ 

All tes t s  for SC 009 a r e  applicable, plus 
A - 1 eve 1 qua li f i  cat i on t e s t . 

Qualification tes t s :  A-level. 

Qualification Tes t s  
~~ 

Test  Conditions 
~ ~~ 

Vibration-Resonant, 5 to  2000 cps up to 2g 
3 axes;  random, 1 0  to  60 cps l inear 
increase 0.0025 to 0.015 g2/cps,  60 to 
2300 cps constant at 0 .015 g2 /cps .  

SPL overall ,  7 min. 
Acoustic--11.2 cps to 11.2 k cps at  137 db 

High temperature-140 F for 4 hr. 
Low temperature-40 F for 4 hr.  
EMI-MC 999-OOOZB conducted interferences - 

30 cps to 25 megacycles; radiated in t e r -  
ference 0.015 to 10 kmc; t ransients  50 v, 
10  msec ,  1 0  PPS; susceptibility-30 cps to 
10 kmc. 

Acceleration-20 g for  5 min, in each d i rec-  

Mechanical shock-30 g ,  11*1 m s e c ,  in each 

High-low temperature  and vibration-High 

tion of 3 axes.  

dire ction of 3 axe s . 

and low temperature  simultaneous, v ibra-  
tion for  C-level, except for exposure 
time (15 min).  

Voltage supply-Measurement system is  to  
operate within requirements  specified 
herein when supplied with input voltage of 
28*4 VDC, having maximum noise of 2 v 
peak-to-peak up to 10,000 cps 
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Levels 
~ 

B-level (Cont) 

Test  Conditions 

Transients  up to 1. 5 t imes  ra ted  voltage of 
200 msec  duration must  not damage the 
sys tem or  cause out -of - tolerance 
per for mance. 

Power consumption-Power consumed by the 
sys tem not to exceed 2. 5 w. 

Output voltage -Output voltage of the measu re  - 
ment sys tem i s  to be direct ly  proportional 
to the input sound p r e s s u r e  level 1. 77 volts 
r m s  k0. 3 db (5 v peak-to-peak) a t  full scale  
on plus 2. 5*0. 05 VDC bias. 
Output over voltage to  be l imited to 7 v peak- 
to-peak max. 

Frequency response-Overall frequency response 
of the measurement  sys tem to be flat within 
*1 db'over the frequency range of 10 to 
10,000 cps,  at  p r e s s u r e s  ranging f rom 5 to 
15 psia,  using 100 cps a s  the reference 
frequency. 

line through the calibration point not to 
exceed * O .  5 db of the reading. 

than ~ 1 %  of full scale. 

measurement  sys tem is not to  exceed 10 m v  
r m s  to 10,000 cps. 

to  operate within specifications into a load 
of 25,000 ohms to 1.0 megohm. 

Isolation res i s tance  -The isolation res i s tance  
between (connected together)  power input 
te rmina l  and (connected together) signal 
output te rmina ls  to be grea te r  than 100 
megohms a t  50 VDC. 

Insulation res i s tance  -The insulation res i s tance  
between any te rmina l  and case ,  except where 
the terminal  i s  designated "case ground, 
is to exceed 100 megohms a t  50 VDC. 

measurement  sys t em to the 28-volt power 
buss  i s  not to exceed 10 m v  peak-to-peak to 

Linearity-Max deviation f r o m  the best  straight 

Repeatability-Measurement sys tem to be better 

Output noise level-Output noise level of the 

Load impedance -The measurement  sys tem is  

Noise feedback-Noise feedback f r o m  the 

20,000 cps. 
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B-level (Cont) 

A-level (include 
B -level and C -level) 

Test  Cncditiocs 

Operating life -The measurement  sys tem is to  
have a minimum operating life of 400 hr  
without maintenance. 

have a minimum service life of 1400 hr  
with periodic maintenance. Parts requiring 
maintenance during the serv ice  period will 
be specified by the manufacturer and will 
be subject to  approval of NAA/S&ID. 

Voltage regulation-The output signal i s  to 
change l e s s  than * l O  m VDC over the 
28*4 VDC input excitation range. 

output voltage of the sys tem must  not deviate 
more  than *Z. 0% of full-scale,  and the dc  
bias voltage must not deviate m o r e  than 
*2. 0% of the pre-se t  bias voltage over the 
tempera ture  range f rom 40 to  140 F. 

sensitivity must be l e s s  than 80 db SPL 

Service life-The measurement  sys t em i s  to 

Gain and bias temperature  stability-The rms 

Vibration s ens i ti vi t y - The sys tem vi br at  i on 

Oxidation-The unit i s  to be operated for 
360 hr in a 100% 0 2  environment. 
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Vibration Measurement Subsystems MC 901 - 01 12 
M E  473-0036, ME 106-0015, ME 411-0255 

Criticality 3 

Test  Conditions 

Evaluation tes t  p rogram at  the Boeing Co., 
Seattle, Washington and NAA/ S & LD. 

Vibration: 
25 g (peak) sinusoidal for 15 min/axis .  

Thermal  shock: 
t o  t 2 0 0  F. 

Thermal  stability: 
for 4 hr. 

Shock: 
per axis. 

Acceleration: 
Acoustic: 

for 15 min. 
Altitude; mm of Hg for 14 days. 
Voltage regulation: 28k4 VDC. 
Stability: 
Insulation and isolation res i s tance  tes t :  

100 megohms minimum a t  100 VDC. 
Power consumption: 

a load of 25 k to 1 megohm. 
Gain stability: 
Accelerometer  c ros s -ax i s  sensitivity: 

random 0 .  5 g 2 / cps  combined with 

change in  70  sec  f rom -65 F 

-65 F for 4 hr  and t 2 0 0  F 

30 g (peak) 11*1 msec  1 / 2  sine wave, 

20  g static for 10 min per axis.  
152 db overal l  f rom 5 to  9600 cps 

output vs t ime  for 24 hr. 

f rom 24 to 32 VDC into 

f rom 24 to 32 VDC. 

measured  while rotating around sensit ive 
axi s. 

~~ 

Acceptance testing fo r  qualification t e s t  i tems.  
Examination of product: 

with SCD. 
Frequency response:  sys tem response  f rom 

20 to  5000 cps  for Type I amplif ier ,  5 to 
250 cps for Type I1 amplif ier ,  and 5 to 600 
cps for Type I11 amplif iers .  

consumption, 

check for compliance 

Input current :  check for systern power 
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- ~ 

SC 001 (Cont) 

3C 009 

~~ ~ ~~~ 

m 

I es t  Conditions 

Output voltage tes t :  
scale output. 

Output noise tes t :  
noise. 

Linearity tes t :  
from 0 to  100% full-scale output. 

Isolation res i s tance  tes t :  check for isolation 
resis tance b / T  power input te rmina ls  and 
signal output t e rmina l s  (100 megohms a t  
100 VDC). 

Insulation res i s tance  test: check for insula - 
tion res i s tance  b / T  all te rmina ls  and c a s e  
ground (100 megohms a t  100 VDC). 

sys tem check for full 

check for sys tem output 

sys tem check for l inear i ty  

Qualification t e s t s  C-level 
Vibration: 

Acoustics: 

High and low temperature:  

random 0.9 g 2 /cps ,  15 min per  
axis , 

11,200 cps; t e s t  t ime  5 min. 
-65 to t200 F for 

amplifier; -65 to t400 F for accelerometer  
while operating as a system. 

EMI: Electromagnetic interference tes t  per  

Acceptance testing for production items: 

169 db overal l  f rom 11. 2 to 

Tes t  t ime 4 hr.  

MC 999-0002. 

same acceptance testing as used for qualifica 
tion tes t  i t ems ,  plus the following: 

and t200 F for 1 hr .  

f rom 5 to 52 cps and 5 g (peak) f rom 52 to  

Response to  tempera ture  tes t :  

Vibration tes t :  

-65 for 1 hr 

0.036 i n  double amplitude 

2000 cps. 
In-house calibration: sys tems to  be calibrated 

per NAA specification MA 0304-0022 linearity 
and frequency response.  

Qualification testing phase B -Level 
Accelerometer response to p r e s s u r e  pulse- 

140 psi ,  20 m s  adiabatic pulse, High and 
low tempera ture  during vibration-random 
0.9 g2/cps,  f rom -65 F to t200 F for 15 
min per  axis. 
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Effectivity 

SC 009 (Cont) 

sc 012 

Block I1 

Test  Conditions 

Gaseous oxidizer: sys tem subjected to 

Acceptance testing for  production i tems:  

In-house calibration: 

N2O4 at 7 0  F for 60 min. 

s ame  tes t  a s  used for C-level. 

per NAA specification MA 0304-0022 
linearity and frequency response,  

sys tems to  be calibrated 

Qualification testing A -level 
Vacuum testing: 
High and low tempera ture  in  vacuum test :  

10-6 mm of Hg for 100 hr. 

m m  of Hg for 50 hr  each a t  -65 F and 
+ Z O O  F. 

Salt fog test:  
for 48 hr. 

Oxygen-humidity tes t :  sys tem tes t  per 
Mil-Std-810 for 240 hr. 

Oxidation explosion: 
5272 for 360 hr.  

Acceptance testing for production i tems:  
s ame  tes t  a s  used for C-level. 

In-house calibration: 
per NAA specification MA 0304-0022. 

sys tem t e s t  per  Mil-Std-810 

sys tem t e s t  per Mi1-E- 

sys tems to be calibrated 

Qualification level will be A,  same  as  for 
sc 012. 

Acceptance t e s t s  s ame  as  for SC 012. 
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St re s s  Measurement Subsystems MC 901-01 14 
ME 432-0090, M E  432-0089, ME 901 -0320 

Criticality 3 

Effectivity 

? r e  -contract  

BP-14 

Test Conditions 

Evaluation for selection ( s t r a in  gage only) 
Gage res i s tance  at room tempera ture ;  s t ra in  

limit a t  room temperature;  -260 F and 
t 6 0 0  F; thermal  output a t  -260 F and t 6 0 0  F. 

Drift and leakage res i s tance  at  -260 F, room 
temperature  and t600 F; gage factor change 
with tempera ture  -260 F and t 6 0 0  F. 

Application tes t s :  welding and bonding 
studies-welding to c r e s  s teel  and aluminum, 
bonding to aluminum for 200 F application. 

Acceptance tes t s :  examination of product, 
verification of mater ia l s ,  design, weight, 
etc. 

terminals  to case  (50 VDC). 

50 VDC. 

f rom sys tem to power source. 

output. 

Insulation resis tance:  100 megohms f rom 

Input to  output isolation: 100  megohms at  

Noise feedback: 

Output regulation: *4 VDC on input, *5 m v  on 

Input current :  63 ma max. 
Output voltage: O( t0 .05 ,  -0 .0)  to 5(tO.O, -0.05) 

Output noise - 30 mv peak-to -peak. 
Vibration-5 to 52 cps a t  0. 36 in  double 

amplitude and 52 to 2 kc a t  *5 g. 
High and low temperature:  

and -65 F for 60 min. 
Calibration: 

open loop *O. 1%. 
Qualification tes t s :  t e s t s  per  C -level. (Refer 

to Qualification Tests .  ) 
In-house calibration: signal conditioner only 

5 points open loop *O. 1%. 

10 mv peak-to-peak to  20  kc 

VDC. 

200 F for 60 minute: 

signal conditioner only 5 points 
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~ 

E f f e ctivi t y 
~~ 

SC 008 

SC 009 

~~ ~ 

sc 012 

Block I1 

C -level 

B-level (includes C) 

A -1eve 1 (include s 
B-, and C - )  

Test Conditions 

Acceptance tes t s :  

Qualification tes t s :  D-level tes ts .  (Refer to 

In-house calibration: signal conditioner only. 

same a s  for BP-14  
acceptance tes ts .  

Qualification Tests.  ) 

Acceptance tes t s :  

Qualification tes t s :  Tes ts  per B-level. (Refer  

In-house calibration: signal conditioner only. 

Acceptance tes t s :  

Qualification tes ts :  A-level tes ts .  (Refer to  

In-house calibration: signal conditioner only. 

same a s  for BP-14 
acceptance tes ts .  

to Qualification Tests.  ) 

- 

same a s  for BP-14 
acceptance tes ts .  

Qualification Tests .  ) 

Qualification t e s t s  same a s  for SC 012. 
Acceptance t e s t s  s ame  a s  for SC 012. 

Qualification Tes t s  

Combined tempera ture  and vibration (random) - 
sensor:  10 to  100 l inear increase f rom 
0.007 to 0.7 gz /cps ;  100 to  500 cps constant 
at  0.7 g2/cps ;  500 to 2000 cps l inear decrease  
f rom 0. 7 to 0. 156. 

f rom 0.01 to  0. 06; 75 to 425 cps constant 
a t  0,06; 425 to 2000 cps l inear dec rease  
f rom 0. 06 to 0. 13. 
10 min each ax is  a t  -65 F, room t e m p e r -  
a ture ,  and t200 F; 10 min each ax is  a t  600 F 
(s t ra in  sensor  only). 

re la t ive humidity 240 hr.  

Signal conditioner-10 to 75 cps l inear  i nc rease  

Hi midity-10 cycles f r o m  t68 to  160 F a t  95% 

EMI-Per MC 999-0002 

Mechanical shock-30 g for 3 axes ,  11 msec  

Gaseous oxidizer-N204 for 1 h r  a t  70 F, 
for  r i s e ;  1 m s e c  for  decay. 

a i r  d r v  24 hr.  

Oxidation test-lOO% oxygen a t  5 psia for 100 hr.  
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Thermal  Heat Flux Subsystem MC 449 -0064 
ME 449-0064 

0 

Criticality 1 

t. 

Combined vibration and temperature-  The tempera ture  is stabilized at 200 F, 
random vibration for 45 minutes (15 minutes in  each of the three  mutually 
perpendicular axes) ,  Linear increase f rom 0. 01 to 0 , 7  g 2 / cps  at 10 to  
100 cps,  constant at 0. 7 g  2 /cps  at 100 to  500 cps ,  and l inear decrease  f rom 

Effectivity 

' r e  -contract 
C 009, 011, 017, 020  

Test  Conditions 

Development tes t s :  functional t e s t s  will be 
conducted under simulated reent ry  heating 
environments (50 Btu f t2 / sec  - 90 sec in  
rocket exhaust), to  confirm and establish 
basic concept. 
Simulated reent ry  heating composite tes t  
performed to determine compatibility of 
instrument with abalator heat shield mater ia l  
in rocket engine exhaust. 

t o  determine the capability of the instrument 
to  meet the requirements  of the measurement.  

Acceptance tes t :  examination of product- 
inspection will be conducted to  verify that 
the mater ia l ,  design construction, dimensions, 
markings,  weight, and workmanship comply 
with requirements.  

of 12 pounds per square inch will be gradually 
applied to  the cable at ambient temperature.  
The tes t  duration will be 1 minute. The pull 
force i s  gradually removed, 

Performance tes t s :  a complete calibration 
tes t  will be conducted 011 each t ransducer .  
The tes t  points of the calibration curves a r e  
to  be within specified tolerances,  *570 of full 
scale. The calibration t e s t  will establish 
the performance charac te r i s t ics  of the 
t ransducer ,  

Design verification: t e s t s  will be conducted 

Pull t e s t  (cable junction): a d i rec t  pull force 
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Qualification Tes ts  (Cont) 

0. 7 to  0. 156 g2/cps  at 500 to  2000 cps. 
not deviate more than *2. 0% of full  scale f rom the s ta t ic  output. 

during the test .  

perpendicular axes. 
t es t .  

is  ra i sed  to  t250 F within 180 sec.  
and af ter  the test. 
than 370 of full scale. 

400 F. 
1 minute and then gradually removed. 
of cable and transducer is  made. 

the mater ia l ,  design construction, dimensions,  markings,  weight, and 
workmanship comply with requirements.  

Pull t es t  (cable junction)-a d i rec t  pull force of 12 pounds per  square inch 
will be applied gradually to  the cable at ambient temperature .  The t e s t  
duration will be 1 minute; then the pull force will be gradually removed. 

Performance tes t s  - a complete calibration t e s t  will be conducted on each 
t ransducer .  
fied tolerances *570 of full scale.  The calibration t e s t  will es tabl ish the 
performance character is t ics  of the t ransducer ,  

Temperature-  0 t o  t5000 F. 

Output signal during vibration will 

The output is monitored Acoustics- 11.2 to 11.2 kc at  157 SPL for 120 sec.  

Acceleration tes t -  20 g for 300 sec  along each axis of the th ree  mutually 
The output of the specimen is monitored during the 

Thermal  shock test- f rom ambient t o  -65 F; stabilization. The tempera ture  
The output signal is monitored during 

The calibrated output signal change must  not be m o r e  

Cable-pull and high tempera ture  tes t -  The tempera ture  i s  stabilized at 
A direct  pull force of 12 pounds per square  inch is applied for 

Inspection for chipping a t  junction 

Acceptance tes t ,  examination of product-inspection is  made to  verify that 

The t e s t  points of the calibration curves will be within speci-  

Perf or  manc e c r i te r ia :  

Vibration-random 45 min. l inear  increase  f r o m  0.01 g 2 / cps  at 10 cps to  
0.7 g2/cps  a t  100 cps; constraint  at 0.7 gz / cps  f r o m  100 cps to  500 cps;  
l inear decrease t o  0 .156/cps at 2000 cps. 

Acoustic- 11. 2 to  11,200 cps a t  143 to  118 db (0. 0002 dynes /cm2) .  
Acceleration- 20 g for 300 seconds. 
P r e s s u r e -  1 x mm Hg. 
Humidity- 100%. 
Shock-30 g for 11*1 msec.  

78 g for 11*1 msec. 
Operating l ife-Per ME 449-0064. 
Signal source- self-generating EMF. 
E r r o r  - *570 of full scale. 
Linearity- *37o of full scale. 
Long-term stability--1 10% for  90 days. 
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Qualification Tes t s  (Cont) 

Resolution- 370 of full scale. 
Repeatability- #370 of full scale,  
Operating range-max 50 Btu f t2 / sec ,  per  ME 449-0064. 
Output impedance- not grea te r  than 500 hms  into 150K ohms. 
Response - per  ME 449 -0064. 

Flight Vehicles 

I ( S C  009: first usage and supports subsequent vehicle usage. 

Off-Limits Tes t s  

A minimum of ten units will be subjected off-limit t e s t s  under simulated 

Requirements - Combined vibration, tempera ture ,  and overpressure :  
Vibration: the same as for the qualification test .  
Temperature:  t o  be determined. 
Overpressure :  five t imes  the rated p res su re  applied a s  l inear 

r een t ry  environment, 

increased  input o r  t o  12,000 psia-whichever is  l e s s .  
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Standard P r e s s u r e  Measuring Subsystem MC 449-0070 
M E  449-0070 

Criticality 3 

Effectivity 

Pr e -contract 

Test  Conditions 

Evaluation tes t s :  
Vibration: 25 g rms to 2 kc random; 

0.5 g2!cps combined with 25 g (peak) 
sinusoidal , 

Thermal  shock: 
70 sec  or  less .  

Thermal  stability: 
for 4 hrs .  

Vacuum: 1 x mm of Hg for 14 days .  
Acoustics- 162 db overall ,  to  10 kc for 

Mechanical shock: 30 g for 11 m s e c  *l m s e c  
Acceleration: 
Hys teres i s ,  l inearity,  and repeatability-1 1 

Voltage regulation: 90% full-scale p r e s s u r e  

-65 to 200 F change in 

-6.5 F for 4 h r s ;  t200 F 

15 min. 

20 g (10 min  per axis) ,  

point calibration, 3 complete loops. 

applied; input voltage of 28 VDC var ied  
*4v in increments  of 0. 5v; plot input vs  
output. 

excitation voltage applied and white noise 
of 250 rnv (peak-to-peak) a z e r o  to  10 kc 
inser ted  into excitation voltage. 

Output loading effect and output - 
Impedance: apply full-scale p re s su re ;  

Output signal-to-noise ratio:  nominal 

1 megohm in  10 equal s teps;  open circui t  
voltage taken t o  compute output impedance. 

Stability: 25%, 100% full-scale p r e s s u r e s  
and ambient p r e s s u r e s  applied for as long 
as 24 hr.  

Input/output isolation: the high and low of 
the input a r e  shorted together;  the high 
and low of the output is shorted together;  
the res i s tance  of these  two connections is 
to  be checked. 
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Effectivity 

Pr e -contract  (Cont) 

SC 009 and 011 

sc 012 

SC 014 

Test  Conditions 

Insulation tes t :  insulation res i s tance  
checked between all connector pins and 
specimen case;  50 VDC to be applied for 
this  test .  

Acceptance t e s t  on production par t s  
Insulation res i s tance :  insulation resis tance 
checked between all connector pins and 
specimen case ;  50 VDC t o  be applied for 
this test .  
Linearity and hys te res i s  repeatability, and 

output voltage: 
point calibrations. 

checked by three five- 

Acceptance t e s t  on qualification pa r t s  : 
complete acceptance testing before and 
after qualification testing. Between 
successive qualification tes t s ,  the follow- 
ing acceptance t e s t s  will be performed: 
insulation res i s tance ,  isolation resis tance,  
and a calibration, (Refer t o  Acceptance 
Tests .  ) 

(Refer to Qualification Tes ts .  ) 

(Refer to Acceptance Tests .  ) 

Qualification testing: manned flight level 

Acceptance testing on production par ts  

Same a s  for SC 012. 
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Qualification Te s t s 

Tes t  Conditions 

Vibration- random; f rom 0. 0025 g2/cps  at  
10 cps to  0.015 g2/cps  at 60 cps; con- 
stant at 0.015 gz /cps  f r o m  60 cps to  
200 cps. 15 minutes each axes .  

Acoustics - 158 db over all, 
High temperature-ambient to  200 F in  

Low tempera ture-  ambient to -65 F in  

Acceleration: 20  g -300 s e c s -  in each 

Mechanical shock-78 g in both direct ions,  

Combined tempera ture  and vibration- 

20  min 200 F fo r  90 min. 

20 min -65 F for 90 min. 

direction of 3 axe s. 

3 axes ,  1 msec  r i s e  t ime,  1 msec  delay time 

vibrated a s  above at 200 F for 15  min in 
each axis repeated at  -65 F. 

for 100 hrs .  

1 x 
50 hr at  200 F. 

48 hr in  fog. 

9570 0 2  plus 95% humidity, 50 h r s ;  
chamber cycled for 240 hr 3 to  7 psia;  
insulation res i s tance  checked and C a l i -  
bration per formed after fir st 50 hr output 
continually monitored. 

Vacuum-pressure of 1 x 

High-low tempera ture  vacuum-pressure of 

m m  of Hg 

mm of Hg, 50  hr  at -65 F and 

Salt fog tes t -  sal t  solution 1% by weight, 

Oxygen-humidity-. 95% 0 2  at 5 psia,  50 h r ;  

EMI-MC 999-0002,  
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Acceptance Tes t s  

Examination of product - Verify mater ia l s ,  design, construction, 

Insulation resis tance-  100 VDC between each connector pin and case ;  

Input t o  output isolation- Input leads shorted together; output leads 

dimensions, and markings. 

res i s tance  is  to  exceed 100 megohms, 

shorted together; 1 OOVDC ac ross  these two connectors-resistance is  
t o  exceed 100 megohms. 

voltage level indicated on oscilloscope i s  indicated. Signal is passed 
through 20 kc low-pass filter before being displayed on oscilloscope, 
Noise voltage level is not t o  exceed 10 mv peak-to-peak t o  20 kc. 

Output regulation- Specimen pressured  to  5070 full scale;  with input 
voltage var ied f r o m  28 to  32 VDC, output reading is not to  va ry  more  
than * 10 MVDC. 

Input current-  With 28 VDC applied to  specimen, input cur ren t  is  to be 
recorded and is not to exceed 56 ma. 

Output noise tes t -  28 VDC to  specimen, output indicated on oscilloscope 
is  not t o  exceed 10 mv peak-to-peak to  10 kc. 

Calibration-7 points, increasing and decreasing,  two loops; end points, 
repeatability, hysteresis ,  and l inear i ty  will be established. 

Acceptance vibration-sinusoidal f rom 5 cps to  2 kc and back to  5 cps;  
5 g peak-to-peak for 5 min in one axis. 

High temperature-  200 F for 45 min; after exposure check end points. 
Low temperature-  -65 F for 45 min; af ter  exposure the end points a r e  

Noise feedback- With 28 VDC provided to  specimen, peak-to-peak 

checked. 

Off-Limits Tes ts  

A minimum of three units will be subjected to  off-limit t e s t s  under 
simulated flight environment. 

Requirements-Combined vibration, temperature ,  and overpressure :  
Vibration: 
Temperature:  
Overpressure :  

s ame  as for qualification t e s t  
-65 F and t 2 0 0  F 
five t imes  rated p res su re  applied a s  l inear  increased 

iriput or  to 12,000 psia-whichever is l e s s ,  
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Nuclear Par t ic le  Detection Subsystem MC 431 -0040 

Criticality 3 

Test Conditions 

Development tes t s :  (1) environmental proof 
(most  severe  of qualification t e s t s )  and ( 2 )  
nuclear par t ic le  development tes ts .  
to  be performed by subcontractor according 
to  t e s t  plan to  be submitted to  NAA for approval 
by 1 February  1965. 

Engineering evaluation: ( 1) performance checks 
and ( 2 )  sys tems integration. 

Elec t r ica l  testing and combined system checks. 

All t e s t s  

Qualification t e s t s  ( 4  units)  
Shock: 
Vibrations: 

Acoustics: 146 db, 11 to 11, 200 cps. 
Leakage: 34. 10-6 cm3/f t3 /hr .  
Electromagnetic interference:  pe r  MC 999- 

High temperature:  140 F, 4 hr.  
Temperature  and vibration: 125 F vibration 

Temperature  vacuum: 10-6 m m  Hg, 100 hr:  

Mission life t e s t  (1  unit): 

30 g for  11 msec.  
0. 012 to  0. 1 g2 /cps ,  10 to 2000 

cps;  15 min each axis.  

0002, Table 11, D1, D2, D4, D7. 

pe r  paragraph 4. 4. 2 of specification. 

-65 F for  50 hr,  125 F for  50 hr. 
399 h r  a t  l abora-  

to ry  ambient, 1 cycle p e r  paragraphs  4.4. 7 
and 4. 4. 8 of specification, plus 800 h r  a t  
laboratory ambient. 

Off-limit vibration (1  unit): pe r  paragraph 
4.4. 2, except 5 min pe r  axis and step 
inc reases  f r o m  1. 5 x intensity of paragraph 
4.4. 2 test-to-failure o r  2. 25 x intensity of 
paragraph 4. 4. 2 test .  

Off-limit t empera ture  (1  unit): p e r  paragraph 
4.4.6 except t empera tu re  increased  in 25 F 
intervals  to fa i lure  o r  250 F. 
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Effectivity 

A l l  units: SC 017, 020, 
101 to  112, 2H-1, 
2TV- 1 

Te s t Condition s 

Acceptance t e s t s  
Vibration: 

Examination of product: p e r  ME 431-0040. 
Performance tes t s :  4-point calibration. 

10 to 300 cps at  2. 5g; 300 to 2000 
cps a t  5g; 10 min. 

~ 

Notes: 1. Acceptance t e s t s  performed by sub- 
contractor according to tes t  plan to 
be submitted for NAA approval by 1 
April 65. 
Qualification t e s t s  performed by sub- 
contractor according to  tes t  plan to be 
submitted for NAA approval by 15 
June 65. 
The qualification t e s t  levels and con- 
ditions descr ibed a r e  thought to be 
necessary  and sufficient for all man- 
rated vehicle s. 

2. 

3. 
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Water pH Monitor MC 432-0100 
ME 432-0100 

Criticality 3 

~ 

Effectivity 

?re-contract  

SC 008, 009, 011 

T e s t Conditions 

Development tes ts :  consisted of subjecting pre-  
l iminary pH monitors to  the most  difficult and 
significant c r i t e r i a  of the qualification tes ts .  

Operating tempera ture :  ambient tempera ture  
30 F to 140 F; working fluid tempera ture  200 F. 

Low temperature  storage: 
Shock: drop sensor  and signal conditioner onto 

Functional checks: 

-20 F for 10 h r .  

concrete floor f rom height of 2 ft. 

undertaken af te r  each test .  
A 3-point calibration will be 

Prequalified p a r t s  a r e  used in fuel cell  sys tem 

Fuel cel ls  a r e  operated under simulated power 

Note: 

tes ts .  

load condition. 

tional comparison can be made between the 
Pratt-Whitney and Beckman pH monitor S .  

These t e s t s  a r e  valuable in that a func- 

Qualification t e s t s :  
Operating tempera ture  : ambient tempera ture  

30 to  140 F; working fluid tempera ture  
ra ised to 210 F. 

Low tempera ture  ( s torage) :  
Shock: 30 g, 1 / 2  sine, f o r  11 msec. Refer 

Vibration: CM vibration levels  0. 0 2  g2 /cps  

-20  F for  10 h r .  

to Procedure  11, Method 516 of Mil-Std-810. 

at  10 cps,  0. 1 g2/cps  at  100 cps;  constant a t  
0. 1 g 2 / c p s  f r o m  100 to  250 cps with a l inear  
decrease  to 0. 012 g2/cps  a t  2000 cps. 

max tempera ture  = 140 F. 
Humidity: Mil-Std-810, Method 507 except 
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Effectivity Test  Conditions 

Vacuum: 

Operating life: max environments, work fluid 

10-6 m m  Hg, working fluid tem-  
perature  = 210 F. 

temperature  p re s su re  710 F at 90 psig; 
ambient tempera ture  140 F; t e s t  per iod 400 hr.  

EM1 tes t :  tes ted in accordance with MC 999-  
0002, paragraphs 4. 3. 4. 11, 4. 3. 4. 3, 4. 3. 4.4. 

Calibration: 3-point calibration pH values 
4. 01, 6. 86, 9. 18. 

Impedance check: increase should be l e s s  than 
600 signal conditioner. 

Performance tes t :  vendor acceptance test 
p r oc e dure. 

SC 008 

SC 012 and subsequent 
vehicles 

Mission the rma l  environment t e s t s  t o  be con- 
ducted a t  MSC under the supervision of NAA. 

Qualification tes t :  utilization undetermined; no 
qualification tes t s  being implemented. 

Note: The Beckman pH monitor (MC 432-0100) 
was  procured as a backup system for  the oper -  
ational t ransducer  supplied with the fuel cell. 
A decision will be made by the fuel cell  group 
concerning the relative m e r i t s  of the two sys tems 
Fur ther  procurement  of this pH monitor is 
dependent on that decision. Present ly ,  these 
par t s  have been procured for SC 008, 009, and 
0 1 1 only. 

Labor at o r  y Systems 

3 point calibration: output 0 to 5 V and sensitivity 8 3 3  MV per  pH. 
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Major Ground Tes ts  

Units installed in NAA/S&ID laboratory fuel  cel l  t e s t s  setup to ver i fy  opera-  
tion under simulated space installation condition. 

r 

Flight Vehicle s 

Undetermined to date. 
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Gas Chromatograph (GFE) 
NASA 5. 24. 1. 1. 1 

Effectivity 

Pr e -contract  

SC 008, 011, 012, 
and 014 

Tes t  Conditions 

Development tes ts :  the gas  chromatograph 
is being procured by NASA f r o m  MELPAR, 
Inc. Basic studies and subsequent develop- 
ment  tes t s  were  conducted throughout fab- 
rication of the instrument '  s individual 
components. NAA was  given copies of the 
suppl ier ' s  monthly p rogres s  reports .  NAA 
representat ives  fe l t  that the developmental 
tes ts  were  complete and sufficient. 

Qualification tes ts :  qualification tes t  
procedures  were  submitted to NASA by the 
subcontractor. 
of Work" which defines the capabilities 
and environmental testing to be undertaken 
by the subcontractor was  given to NAA by 
NASA. 
environmental levels  and tests specified 
for the instruments  per  NAS9-2518. 
instruments  a r e  to be subjected to all 
these environments. 

A copy of the "Statement 

The following is  a l i s t  of the 

Two 

Altitude: they will be subjected f r o m  
-20 F to 140 F at  a n  altitude of 35, 000  
f t  (non-operating) fo r  8 hours ,  the t ime 
being equally divided between the tem-  
per  atur e extr  eme  s. 

they will be subjected to as  much 
as  0. 6 in. / h r  for  a period of 12 hours,  
o r  per  Mil-Std-810 Method 506 in  pro-  
tec tive covering. 

they will be subjected to 
140-mesh sil ica flour with particle 
velocity up to 500 f t /min  o r  Mil-Std-810 
Method 510 in  protective covering. 

Rain: 

Sand and dust: 

~~ 
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Effectivity 

SC 008, 011, 012, 
and 014 (Cont) 

SC 008, 011, 012 
and 014 

Tes t  Conditions 
~~ ~~ 

Salt spray:  they will be subjected to 20% 
salt solution for  50 h r  o r  Mil-Std-810, 
Method 509 in  protective covering. 

Electromagnetic interference:  ins t ru-  
ments  will be tes t s  i n  accordance with 
specification MC 999-0002 B. 

tested in accordance with MSFC Dwg 
1 OM101 071. 

Explosion proof: instruments  will be 

Launch and entry (operating): 
Acceleration: instruments  will withstand 
7. 0 g on its X-axis and *5. 1 g on i t s  Y -  
and Z-axis fo r  5 min  each; 20 g on its X- 
axis fo r  one minute duration. 

Vibration: they will be operable af ter  
exposure to the following vibration 
levels  i n  each of three mutually perpen- 
dicular axis. The vibration time will 
be 15 min  random vibration with a 5- 
min  superimposed sweeping sinusoidal 
vibration. All resonant  f requencies  wil: 
be reported.  

Random vibration hi-Q abort:  5 to 60 cps  
l inear  i nc rease  f r o m  0 .006  g2/cps  to 
0.13 g2/cps,  60 to 200  cps  constant a t  
0.13 g2/cps,  200 to 2000 cps l inear  
dec rease  f r o m  0.13 g2 /cps  to 0.006 

Peak vibration, hi-Q abort:  5 to 15 cps 
l inear  i nc rease  f r o m  0. 3 g to 2. 0 g ,  
15 to 100 cps  l inear  increase  f r o m  2. 0 g 
to 11 g, 100 to 2000 cps  constant 11 g. 

Acoustics: they will be capable of opera-  
ting within specifications af ter  exposure 
to acoustic noise levels  a s  specified 
herein.  Sound p r e s s u r e  level (db) r e fe r .  
ence 0,002 dynes/crn2. 

Octave Band (cps)  Level (db) 

4 .7  to 9 .4  131 
9 . 4  to 18.8 132 
18.8 t o  37. 5 135 
37.5 to  75 134 
75 to 150 134 
150 to 300 131 

g2/cps.  
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Effectivity 

SC 008, 011, 012, 
and 014 (Cont) 

Tes t  Conditions 

Octave Band (cps) Level (db) 

300 to 600 
600 to 1200 
1200 to 2400 
2400 to 4800 
4800 to 9600 
Overall  

129 
130 
129 
126 
122 
142 

Temperature:  the instruments  will be 
subjected to -15 F exposure for  96 hour 
while operating in  accordance with its 
duty cycle. Shall be subjected to  200 F 
for  15 minutes (nonoperative). 

humidity including condensation in a 
tempera ture  range of 30 to 150 F for  a 
period of 14 days. Temperature  shall 
be cycled over the ranges given. 

operating during and after exposure to 
the following environmental  conditions, 

MSFC Dwg 10M01071. 

Humidity: there  will be 95*57'0 relat ive 

Spaceflight: they will be capable of 

Hazardous gases:  explosion proof per  

Altitude: 1 x 
Earth- impact :  shock-they will be capablf 

of sustaining ear th- impact  shock in  any 
direction without causing o r  becoming 
a secondary projectile o r  leaking. 7 8 g  
for  11*1 m s e c  will be used as  the shocl 
input. 

14. 7 psia for  4 h r  
and 5 psia  for  496 hr .  

mm Hg fo r  96 hr .  

Oxygen compatability: 

One unit i s  subjected to a second cycle of 
the same environment as  a n  endurance 
test;  the other unit, to o v e r s t r e s s  testing. 

Laboratory systems:  calibrations will be 
conducted by the subcontractor during the 
acceptance tes t s  and a l so  by NASA. 

environment tests will verify the integrate( 
sys t ems  operation and operating proce-  
dures .  NAA will evaluate operation and 
w i l l  validate for  flight usage. SC 008 is  
f i r s t  usage and supports subsequent flight 
vehicles. 

Major ground tes t s :  the SC 008's thermal  
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E ff  e ctivit y 

SC 008, 011, 012, 
and 014 (Cont) 

Tes t  Conditions 

Flight vehicles: these t e s t s  will further 
qualify the instrument 's  flight worthiness 
under lift-off and r een t ry  conditions, will 
further t e s t  the helium dump capability 
under pad abort conditions, and will ver i fy  
this  operation at reentry.  
usage and supports subsequent flight 
vehicles. 

SC 011 is f i r s t  
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u 

Commutator (GFE) 

Criticality 3 

I Ef f e c tivi ty 

Block I: I 
SC 006, SC 008, 
SC 009,  SC 011, 
SC 017, SC 020 

Block I1 I 

Test  Conditions 

Procured  by NASA MSC-IESD; qualified for  all 
spacecraft mission environments and classified 
a s  man-rated p e r  NASA-IESD document 19-1A. 
(Refer to  Pre-Del ivery Development Test. ) 

Perform p re  -installation operational checkout 
(NAA effort). 

Pe r fo rm breadboard integrated sys tems design 
compatibility t e s t  (NAA effort). 

Note: P rogram as defined h e r e  adequately 
qualifies i tem for a l l  spacecraf t  mission 
re quire ment s . 

None. 

Qualification Tests  -Environments 

Pre-Del ivery Development Tes t s  
(NASA-Supplier Effort)  

IESD Document 19- 1A 

Temperature-30 F to t230 F. 
Altitude-1 x l o m 6  mm Hg p res su re  o r  l e s s .  
Acceleration--20 g in each direction of 3 mutually perpendicular axes .  
Shock-50 g for a period of 11*1 msec, 1/2 sine shock impulse.  
Acoustic noise-165*1 db ( r e t  to 0 . 0 0 0 2  dynes/cm2 for a period of 5 min 

Spectrum: 165 db, 22.4 to 1,200 cps .  
Vibration-15 g r m s  for 15 seconds: 

0.0573 g2/cps,  220 to 2020 cps.  
0 2  atmosphere- 100% a t  7 ps ia .  
Sal t  fog-5% sal t  spray pe r  Mil-Std-810 (USAF), Method 509. 
Humidity-10070 relative humidity, 80 to 150 F per  Mil-Std 180 (USAF), 

E M - P e r  Mil-I -2 66OO/MSC -EMI-IDA , 

0 .  1607 g2/cps ,  10 to 2 2 0  cps; 

Method 507. 
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3lock 11: 
;c 101 

PAM/FM/FM Telemetry (GFE) 

Development p rogram i s  the same as for 
Block I. 

Criticality 3 

Effectivity 

3lock I: 
'C 008, SC 009, 
C 011, SC 017, 
c 020 

Test  Conditions 

Procured  by NASA MSC-IESD; qualified for all 
spacecraft  mission environments and classified 
as man-rated per  NASA-IESD document 19-1A 
(Refer to Pre-Del ivery Development Test.  ) 

P e r f o r m  p r  e - ins tallation ope rational checkout 
(NAA effort). 

P e r f o r m  breadboard integrated sys tems design 
compatibility t e s t  ( N A A  effort). 

Note: P r o g r a m  a s  defined here  adequately 
qualifies i tems for a l l  spacecraf t  mission 
r e qui r e me nt s . 
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APPENDIX A 

OPE R A  TI0 NAL INS TR UME N TA TION COMP ONE N TS 

To be added a t  a later date. 
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APPENDIX B 

FLIGHT DEVELOPMENT INSTRUMENTATION COMPONENTS 

To be added at a la te r  date. 
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APPENDIX C 

SPECIAL INSTRUMENTATION COMPONENTS 

To be added at  a la ter  date. 
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APPENDIX D 

SCIENTIFIC INSTRUMENTATION COMPONENTS 

To be added at a la te r  date. 
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